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JUNE 1958 


NOTI 


PRESIDENT OF THE Society 1958-1959 

Sir Arnold A. Hall, M.A., F.R.S., F.R.Ae.S., President 
of the Society for the year 1958/59, took Office at the 
Annual General Meeting of the Society held on Thursday 
8th May 1958. 

PRESIDENT-ELECT 

Mr. P. G. Masefield, M.A.(Eng.), Hon.F.1.A.S., 
F.R.Ae.S., Vice-President of the Society and Managing 
Director, Bristol Aircraft Ltd., has been elected the 
President-Elect of the Society for 1959-60. He will take 
office as President in May 1959. 


V1CE-PRESIDENTS 
The following have been elected Vice-Presidents of 
the Society for 1958-9 : — 

Dr. E. S. Moult, Ph.D., B.Sc.(Eng.), M.I.Mech.E., 
F.R.Ae.S. 

Air Marshal Sir Owen Jones, K.B.E., C.B., A.F.C., 
B.A., D.I.C., M.I.Mech.E., F.R.Ae.S. 

Air Commodore F. R. Banks, C.B., O.B.E., M.I.Mech.E., 
Hon.F.1.A.S., F.R.Ae.S. 


COUNCIL FOR 1958-1959 
The following are the newly elected Members of 
Council as a result of the Ballot declared at the Annual 
General Meeting : — 
*Air Commodore F. R. Banks (Fellow) 
*Sir Sydney Camm (Fellow) 
*H. H. Gardner (Fellow) 
*Air Marshal Sir Owen Jones (Fellow) 
Squadron Ldr. R. C. G. T. Rogers (Associate Fellow) 
W. Tye (Fellow) 


T. A. Wolstenholme (Associate) *Re-elected. 


ANNUAL GENERAL MEETING 

The Annual General Meeting of the Society was held at 
4 Hamilton Place, W.1, on 8th May 1958, at which the 
Annual Report and Balance Sheets of the Royal Aero- 
nautical Society and Aeronautical Trusts Limited for 1957 
were approved. The complete Report and Balance Sheets 
were published in the April 1958 JOURNAL. 

The retiring President, Sir George Edwards, presented 
certain of the Society’s Prizes and Awards to the recipients. 


New FELLOWS 

The following elections to Fellowship of the Society 
were announced at the Annual General Meeting on the 
8th May 1958: — 
Edward George Bowen Gordon Roy McGregor 
Stanley Edward Clotworthy Kurt Werner Mangler 
Ralph Alexander Cochrane Reginald John Monaghan 
Frederick George Ronald Sydney Macdonald Parker 


Cook George Brian Gibben Potter 
George Francis Hugh Elliott Gray Reid 

Hemsley John Seddon 
Ronald Hills Ronald Andrew Shaw 


Maurice Louis Hurel 

Robin Ralph Jamison 

John Owen Napier 
Lawrence 


Frederick Nicholas Slingsby 
Frank Tyson 

Robert Herbert Whitby 
George Alan Whitfield 


GARDEN Party—22ND JUNE 1958 

The Garden Party will be held on Sunday 22nd June 
1958 at White Waltham Aerodrome, near Maidenhead 
(by kind permission of the Air Ministry and the Fairey 
Aviation Co, Ltd.). An application form for tickets has 
been sent to all Home Members. 

_ There will be a flying programme and the static exhibits 
will include a number of interesting items from the Science 

useum; air-sea rescue equipment; a jet instrument flying 
'rainer and guided missile exhibits from the Woomera 
Range and from the R.A.E. 
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HONORARY FELLOW 
Honorary Fellowship, the highest honour the Society 
can confer, has been awarded to Sir Richard Southwell, 
M.A., LL.D., D.Sc., D.Eng., F.R.S., Hon.F.LA.S., F.R.Ae.S. 


HONORARY COMPANION 


Mr. W. E. Nixon, F.C.I.S., one of the original “DH” 
team, Chairman of de Havilland Holdings and of the 
Aircraft and Propeller Companies and a Director of all 
the other de Havilland Companies, has been made an 
Honorary Companion of the Society. 


Honours AWARDED TO MEMBERS 


The 1957 Award of the Louis Breguet Trophy has 
been made to Raoul Hafner (Fellow), Chief Designer 
(Helicopters), Bristol Aircraft Ltd., for his achievements, 
“many and of great value,” in the helicopter world. 

The Paul Tissandier Diploma has been awarded to 
F. N. Slingsby (Fellow) by the Federation Aeronautique 
Internationale. 


NewS OF MEMBERS 
Squadron Leader W. R. Carus (Associate), formerly a 
Pilot in the R.A.F., is now with Canadian Pacific Airlines 
as Commissary Services Inspector. 


S. E. CLorwortny (Fellow), Managing Director of the 
Northern Aluminium Company Ltd., has been elected 
President of The Aluminium Development Association for 
1958-9. 


Squadron Leader R. W. P. DurRANT (Associate Fellow), 
formerly with R.A.F. Swanton, Norfolk, is now Deputy 
Headmaster at St. Thomas More School, Southport, Lancs. 


P. G. EDGINGTON (Associate Fellow), formerly with the 
Fairey Aviation Company Ltd., is now an Aeronautical 
Engineer with British Petroleum Co. in the Technical 
Services Branch. 


G. D. Frier (Associate Fellow) has been promoted to 
Engineer II in the Power Plant Branch at the M.OS. 
Fighting Vehicles Research and Development Establish- 
ment. 


Commander RoBerT F. FREITAG (Associate Fellow) has 
been given an assignment on work connected with a special 
committee on Space Technology of the National Advisory 
Committee for Aeronautics, in addition to his permanent 
position as Director of Range Development at the Pacific 
Missile Range, Point Mugu, California. 


W. R. Hawks (Associate Fellow), formerly with de 
Havilland Aircraft Co. Ltd., is now a Technical Adviser to 
the Aviation Service of the British Petroleum Co. Ltd. 


F. A. Kappey (Associate Fellow), formerly of Saunders- 
Roe Ltd., is now Inspector in Charge, A.I.D. South 
Birmingham District Office, Birmingham. 


J. B. KniGHT (Graduate), formerly at Vickers-Arm- 
strongs (Aircraft) Ltd., is now a Project Engineer with 
B.E.A. 


H. A. KRASINSKI (Associate Fellow), formerly at 
Coventry Technical College, has been appointed Lecturer 
in Mechanical Engineering at the North West Kent College 
of Technology, Dartford. 


Wing Commander I. N. M. MACDONALD (Associate 
Fellow), formerly at the Empire Test Pilots School, 
Farnborough, is now in the department of the Assistant 
Chief of Air Staff (Operational Requirements), Air 
Ministry, London. Wing Commander Macdonald was 


incorrectly stated in the May 1958 JOURNAL to be Assistant 
Chief of Air Staff (Operational Requirements). 


E. J. MANN (Associate), formerly at de Havilland Air- 
craft Co. Ltd., has been appointed Education and Training 
Officer, Glacier Metal Co., Kilmarnock. 


F. S. SAUNDERS (Associate Fellow), Special Duties to 
the Chief Engineer of B.O.A.C., has resigned from the 
Corporation and is now a Consultant. 


D. N. Scarp (Associate Fellow), formerly at Short 
Brothers and Harland, is now Chief Flight Test Engineer 
with Avro Aircraft Ltd. (Canada). 


W. J. SELLEN (Associate) is now Engineering Super- 
intendent, Planning for D.O. Manager, with Sperry Gyro- 
scope Co. Ltd. 


K. N. SmituH (Associate), formerly with Canadair, 
Montreal, now has an appointment as a Design Engineer 
with the Transport Division of the Boeing Airplane Co. 
in Seattle. 


J. SyRAD (Associate), formerly with Messrs. Gush and 
Dent, is now Works Manager with Messrs. Robinsons Ltd.., 
Winchester. 


D. THomas (Graduate), formerly with Vickers-Arm- 
strongs (Aircraft) Ltd., is now a Mechanical Engineer with 
Joseph Lucas (Electrical) Ltd., Birmingham. 


Squadron Leader S. TipPeR (Associate), formerly at 
R.A.F. Acklington, Northumberland, is now serving at 
R.A.F. Tengah, Singapore, as Officer Commanding, 
Engineering Squadron. 


Flight Lieut. W. WarHAFTIG (Associate Fellow), 
formerly at R.A.F. Seletar, is now Technical Officer to 
the Royal Malayan Air Force, Kuala Lumpur. 


ELECTIONS 


. The following is a list of new members and transfers 
of membership of the Society :— 


Associate Fellows 


Eric Blott 
Alan Edward Brock 
(from Graduate) 
Fred Brooks 
(from Associate) 
Colin Robert Broughton 
Stanley Maurice Cobb 
(from Graduate) 
Rowan Herbert Colley 
Raymond Charles Darroll 
(from Graduate) 
Wilfred Henry James 
Dibbens (from Associate) 
Kenneth George Draper 
(from Graduate) 
Henry Ellis 
Hugh Oliver Ewart 
(from Graduate) 
Peter Waddington Fortescue 
Stanley Arthur Griffin 
(from Graduate) 
Manjeshwar Gurudutt 
(from Graduate) 
James Lorimer Gutteridge 
Quintin J. Hawthorne 
William John Hobbs 
William Donald Horsfield 
(from Graduate) 
Royle Bernard Denis Jansen 
(from Associate) 
Peter Numa Joubert 
(from Graduate) 
Donald John Leech 
(from Graduate) 
Nelson John Lilly 
Peter Lloyd 
James Albert Longley 
(from Student) 
Ronald Norman Lord 


William Alexander Mcllroy 

Kenneth George Major 

David Michael Mayne 
(from Graduate) 

Raymond John Miskin 
(from Student) 

Derek Harry George 
Munson 

Philip Arthur Norman 
(ex Student) 

Thomas Parkins 

Kenneth George Paul 
(from Graduate) 

Roger Hetherington Peart 
(from Graduate) 

Anthony Mervin Peduzzi 
(from Graduate) 

Ean Stewart Robertson 

lan Alexander Robertson 
(from Associate) 

Robert Graham Rowe 

Elvie Lawrence Smith 
(from Graduate) 

Frederick Thomas Smith 
(from Graduate) 

William Dennis Sproson 
(from Graduate) 

Geoffrey Bryning Tyler 
(from Graduate) 

David Athelton Walker- 
Arnott 

Derek Arthur Ward 

Johanna Salome Weber 

Tom Wharton 
(from Associate) 

Allen Craig Williams 

John Strange Wilson 
(from Student) 

Peter Maurice Wright 


Associates 


Eric Clifford Blackman 

Frederick James Butters 

Frank Casey 

William Andrew Spencer 
Cawthorne 

Charles Russell Chrisp 
(from Graduate) 
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Allert Christaan Chrisstoffels 


Kenneth Alan Cole 

Patrick George Carter 
Collings 

Sydney Coppock 

Derek Lewis Dashfield 

Gordon William James 
Davies 

Raymond Henry Reynolds 
Davies 

Richard Walden Davis 

Harold Kevin Death 

John Herbert Dolbear 

William Harry Dudley 

John Walter Duly 

William John Edmondson 

George Gordon Herbert 
Ford 


Graduates 


Peter Andrew Anderson 
Anthony George Reginald 
Bright (from Student) 

Harry Brown 
(from Student) 
Woodford Kenneth George 
Causer (from Student) 
David Harold Chester 
(from Student) 

Keith Frederick Davies 
Reginald Francis Maurice 
Drake (from Student) 
Margaret Joan Elizabeth 

Farnell 
Michael William Hermon 
(from Student) 
Christopher Jones 
(from Student) 
Patrick Gordon King 
Robert Roy Landeryou 
(from Student) 
Thomas Mahood 
Hugh Robert Martin 
Andrew Ruxton Murray 
Moreshwar Vinayak 
Naniwadekar 


Students 


Nicholas Albion 
Roy Leeson Frederic 
Bavington 
Ashis Kumar Bhattacharya 
Deane Robert Blackman 
Brian Gordon Burnes 
Barry Seymour Cheetham 
Robert Edward Clark 
Edwin John Hearn 
Kenneth James Hocking 
John William Lowther 
Peter John Mantle 


Companions 


Eric James Arnsby 
Lewis Frederick Bateman 
James Henry Fowler 


_ JUNE 


William James Hartnell 
Greed 

Cyril Douglas Squire Hogg 

Bernerd Joseph Holmes 

Dennis William Howe 

Sasson Yacov Katan 
(from Graduate) 

Robert Langley 

Althorp Hazell Christopher 
Markey 

Alfred Peter Moncrieff 

Stanley Blackbourne Oliver 

John Howard Scarborough 

Harry Llewellyn Sharman 

Donald Arthur Snoad 

Robert Ivan Tennyson 
Stubbings 

Oliver John Thomson 

Edward Trees 

Walter James Watkins 

Raymond Joseph Wellings 

Dennis Woods 

Robert Havergal Woeds 


Alan Henry Oatey 
Philip Hubert Osborne 
Pearson (from Student) 
David John Pugh 
John Alfred Ratcliffe 
(from Student) 
Kanin Raktham 
John Arthur William 
Rodwell 
Peter Gerald Simpkins 
(from Student) 
John Robert Stoker 
(from Student) 
Edward Robert Stump 
Roger lan Sykes 
(from Student) 
Michael Irwin Thom 
(from Student) 
Donald Harold Walwyn- 
James 
John Robert Ward 
(from Student) 
Ernest Wilde 
(from Student) 
Colin Brian Wills 
(from Student) 


John Francis Skane Martin 
Colin Wilson Montague 
Max Lawrence Pearce 
John Francis Reeves 
Peter Charles Rumsey 
Frank Sanders 

Bryan Vincent Seels 
David George Stephens 
Hugh Michael Stoneman 
John Frederick Venn 
David Parry Watkins 


Raymond Arthur Granville 
John Ingram 
Robert Eric Miles 
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MEDALS AND PRIZES OF THE SOCIETY 
The following Medals of the Society awarded by the 
Council were presented by Sir Arnold Hall, President 
1958-9, at the Wilbur Wright Memorial Lecture on 15th 
May 1958 :— 
The Society’s Gold Medal—awarded for work of an 
outstanding nature in Aeronautics—to: 
Sir Sydney Camm, C.B.E., Fellow, 
Chief Designer and Director, Hawker Aircraft Ltd., 
“for his Outstanding achievements in aircraft design and 
development.” 
The Society's Silver Medal—awarded for work of an 
outstanding nature in Aeronautics—to: 
P. B. Walker, C.B.E., M.A., Ph.D., Fellow, 
Chief Scientific Officer of the R.A.E., 
“for his distinguished contributions to aircraft structural 
integrity.” 
The Society's Bronze Medal—awarded for work leading 
to an advance in Aeronautics—to: 
D. Williams, D.Sc., Fellow, 
Deputy Chief Scientific Officer, R.A.E., 
“for his contributions to the theory of aeroelasticity.” 


The British Gold Medal for Aeronautics—awarded for 
outstanding practical achievement leading to advancement 
in Aeronautics—to : 

S. D. Davies, B.Sc., Fellow, 
Managing Director of Dowty Fuel Systems, 

(formerly Chief Designer A. V. Roe and Co. Ltd.), 

“for his outstanding practical work in the design and 
development of Delta aircraft.” 


The British Silver Medal for Aeronautics—awarded for 
practical achievement leading to advancement in Aero- 
nautics—to : 

W. H. Lindsey, M.A., Fellow, 
Technical Director, Armstrong Siddeley Motors Ltd., and 
W. F. Saxton, M.B.E., 
Deputy Managing Director, Armstrong Siddeley Motors 
Ltd., 
“for their practical contributions to the development of 
aircraft gas turbines.” 


The Wakefield Gold Medal—awarded for contributions 
towards Safety in Aviation—to: 
W. Tye, O.B.E., B.Sc., Fellow, 
Chief Technical Officer, Air Registration Board, 
“for his great contribution to the airworthiness of British 
civil aircraft.” 


The R. P. Alston Medal—awarded for practical achieve- 
ment associated with the Flight Testing of Aircraft—to: 
Mrs. Anne Burns, B.A., 
a Principal Scientific Officer, R.A.E., 
“for her practical contributions to aircraft safety as a flight 
test observer.” 


The N. E. Rowe Medals—awarded for the best lecture 
given before any Branch of the Society by a member of a 
Branch—in the age group 21 to 26 years—to: 

P. A. Champion, B.Sc., 
Aerodynamicist to the Supersonic Wind Tunnel, 
Bristol Aircraft Ltd., 
“for his lecture ‘Some Factors Involved in the Supersonic 
Wind Tunnel Testing of Models.’ ” 

No award has been made this year for the under 21 

age group. 


The following Medals and Prizes of the Society, 
awarded by the Council, were presented by the retiring 
President, Sir George Edwards, at the Annual General 
Meeting on 8th May 1958:— 

The Simms Gold Medal, for the most valuable contri- 
bution read before, or received by, the Society on any 
subject allied to Aeronautics—to: 

L. F. Nicholson, M.A. (Fellow) 
Head of the Aerodynamics Department, Royal Aircraft 
Establishment, Farnborough 


for his paper “Engine-Airframe Integration” (November 
1957 JOURNAL). 


The George Taylor (of Australia) Gold Medal, for the 
most valuable contribution read before, or received by, 
the Society on Aircraft Design, Manufacture or Operation 


—to: 
R. L. Lickley, B.Sc. (Fellow) 
Technical Director, Fairey Aviation Co. Ltd., and 
L. P. Twiss, D.S.C. (Associate Fellow) 
Chief Test Pilot, of the Fairey Aviation Co. Ltd. 
for their paper “The Fairey Delta 2° (July 1957 JouRNAL). 


The Edward Busk Memorial Prize, for the most 
valuable contribution published in one of the Society's 
Publications on Applied Aerodynamics—to: 

Dr. D. Kuchemann (Fellow) 
a Senior Principal Scientific Officer, Royal Aircraft 
Establishment, Farnborough 
for his paper “Methods of Reducing the Transonic Drag 
of Swept-Back Wings at Zero Lift” (January 1957 JouRNAL). 


The Orville Wright Prize, for the most valuable contri- 
bution to “The Aeronautical Quarterly” on some subject 
of a technical nature in connection with Aeronautics—to: 

Professor A. R. Collar, M.A., D.Sc. (Fellow) 
Professor of Aeronautical Engineering in the University 
of Bristol 
for his paper “On the Stability of Accelerated Motion— 
Some Thoughts on Linear Differential Equations with 

Variable Coefficients” (November 1957 QUARTERLY). 


The Herbert Ackroyd Stuart Memorial Prize, for the 
most valuable contribution to the Society’s Publications 
on Aircraft Propulsion—to: 

Dr. R. R. Jamison, Ph.D., B.Sc. (Fellow) 
Assistant Chief Engineer in Charge of Ram-Jets, 
Bristol Aero-Engine Co. Ltd. 
for his paper “Ram-Jets” (June 1957 JouRNAL). 


The J. E. Hodgson Prize, for the best paper of a general 
nature, with emphasis on Historical Work, published by the 
Society—to: 

Professor H. J. van der Maas (Fellow) 
Professor of Aeronautical Science, University of Delft 
for his paper “Aeronautical Research in the Netherlands” 
(May 1957 JouRNAL). 


The Branch Prize, for the best paper on an Aeronautical 
subject read before the Branches of the Society and 
published in the Society’s publications—to: 

M. B. Morgan, M.A. (Fellow) 
one of the two Deputy Directors of the Royal Aircraft 
Establishment, Farnborough 
for the Second Roy Chadwick Memorial Lecture read 
before the Manchester Branch, “Some Thoughts on Aero- 
nautical Research and Design” (September 1957 JOURNAL). 


The Navigation Prize, for the best paper on Navigation, 
including Meteorological Instruments and Test Equipment, 
published by the Society—to: 

W. Makinson, M.Sc. (Associate Fellow) 
Managing Director, Air Trainers Link Ltd. and 
G. M. Hellings, B.A. (Associate Fellow) 
Chief Engineer, Air Trainers Link Ltd. 
for their paper “Synthetic Aids to Flying Training” (August 
1957 JOURNAL). 


The Usborne Memorial Prize, for the best contribution 
to the Society's Publications written by a Graduate or 
Student on some subject of a Technical nature in connection 
with Aeronautics—to: 

D. G. Drake, B.Sc. (Graduate) 
a Lecturer in the Department of Aeronautical Engineering 
at the University of Southampton 
for his paper “The Oscillating Two-Dimensional Aerofoil 
between Porous Walls” (August 1957 QUARTERLY). 
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Airco LTp. 


The Aircraft Manufacturing Co. Ltd., the company 
formed recently by the de Havilland Aircraft Co. Ltd., 
Hunting Aircraft Ltd. and the Fairey Aviation Co. Ltd., 
has arranged with Wing Commander R. H. Stocken 
(Associate Fellow), Managing Director of Airco Ltd. 
(Aeronautical Consultants), to take over the name “Airco.” 
This was the original trade name of the old Aircraft 
Manufacturing Company before and during the 1914-18 
War. Wing Commander Stocken has accordingly changed 
the name of Airco Ltd. to R. H. Stocken and Co. Ltd. 


ELECTRONIC COMPUTER EXHIBITION AND BUSINESS 
SYMPOSIUM 


An Electronic Computer Exhibition and _ Business 
Symposium will be held at Olympia, London, from 28th 
November to 4th December 1958. H.R.H. The Duke of 
Edinburgh has consented to be Patron. 

The Exhibition and Symposium are being organised at 
the instigation of the National Research Development 
Corporation by the Electronic Engineering Association 
and the Office Appliance and Business Equipment Trades 
Association. Preceding the Exhibition and Business 
Symposium an Associated Scientific Symposium organised 
by the National Physical Laboratory will be held from 
24th to 27th November at the N.P.L., Teddington, Middle- 
sex. Admission to the Scientific Symposium will be by 
invitation. 

Information about the Exhibition and Business Sym- 
posium is available from the Exhibition Organiser, 11/13 
Dowgate Hill, London, E.C.4. 


THE GUILD OF AIR TRAFFIC CONTROL OFFICERS 
CONVENTION, 23RD OCTOBER 1958 


The Guiid of Air Traffic Control Officers will hold a 
Convention at Southend on 23rd and 24th October 1958. 

The programme will consist of talks by recognised 
authorities on the various aspects of Air Traffic Control, 
“quiz” sessions and general discussions. Further details 
can be obtained from G. L. Chambers, Clerk of the Guild, 
118 Mount Street, Berkeley Square, London, W.1. 


THE First TRENCHARD MEMORIAL LECTURE— 
A CORRECTION 
The portrait of Marshal of the Royal Air Force Lord 
Trenchard, published on page 251 of the April 1958 
JOURNAL, was unfortunately attributed incorrectly to 
Vertilleux, instead of Verpilleur. 


JOURNAL BINDING—NEW PRICES 


The greatly increased postal rates, together with other 
rising costs, unfortunately necessitate revised charges for 
1958 for the permanent binding of Journals. The increases 
are ls. 6d. on the 1957 volume and 2s. on previous volumes. 
The new charges are :— 


1957 Volume (including packing and postage 


in the United Kingdom) ; : £1 4s. Od. 
Previous Volumes (including packing and 
postage in the United Kingdom) Od. 


Journals, with a note of the name and address of the 
sender, should be sent direct to The Lewes Press, Friars 
Walk, Lewes, Sussex, and the remittance to the Secretary 
at the Offices of the Society. 


S.A.E. PREPRINTS RECEIVED BY THE LIBRARY 
The following S.A.E. Preprints have been received by 
the Library :— 
37A Performance evaluation of a shrouded rotor in flow 
normal to its axis. R.S. Ross and R. S. Johnson. 


37B_ Practical aspects of boundary layer control. H. C. 
Higgins. 
37C A progress report on helicopter maintenance and 


serviceability. T. R. Pierpoint and R. S. Leslie. 
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Aero-thermodynamic aspects of high speed flight, 
W. F. Radcliffe. 

Physiologic effects of high speed, high altitude flight, 


W. M. 


J. Anderson and 


J. W. Raeke. 


Research in magnetohydrodynamics. 
The simplest Doppler ground speed indicator. J, R, 
Iverson. 

The integration of navigational flight information for 
jet interceptor aircraft. M. V. Fiore. 
Intergrated instruments for jet transports. G. W. 
Hoover. 

The future of aircraft fuels. R.J. Heaston. 
Possibilities and problems of some high energy fuels 
for aircraft. W.T. Olson. 

The use of free radicals and free atoms for pur. 
poses of propulsion. Y. C. Lee and §S. T, 
Demetriades. 


The ion rocket engine. R. H. Boden. 
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Solid and liquid rockets—a comparison. G. §, | 
Sutherland. 
Powerplants for supersonic transports. G. C. Rapp. 


Naval developments in carrier navigation and traffic 
control. A. B. Winick and J. L. Loeb. 
A collision avoidance system for aircraft. Y. J. Liu 
and J. O. Campbell. 

Application of a flexible production system to the 
quantity manufacture of guided missiles and rockets. 
J. P. Rogan. 

Planned missile productibility. W. Prince. 
Problems peculiar to missile manufacture. 
Sonnekson. 

The TJ38 commercial jet engine. 
Gordon. 

Maintenance development of prop-jet engines. F.H. 
Steuber. 

Application of computer to providing processing 
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paper work and perpetual status for spare parts 
records. S. E. Parks. | 
Primary creep in aircraft design. B. B. Muvdi and 
C. J. Giemza. 


Use of materials at temperatures up to 2,000°F. 
H. A. Pearl. 

Corrosion and oxidation resistant coatings for metals 
for operation at temperatures from 1,000°F to 
to 2,400°F. J. V. Long. 

Relation of fuels to aircraft turbine engines. E. A 
Droegemueller and R. K. Nelson. 

Developments in aircraft turbine lubricants. K. L. 
Berkey. 

Turbine engines for high speed missiles. R. E 
Neitzel and M. A. Zipkin. 

Problems relating to systems checkout and final 
acceptance of production missiles. M. A. Stephens. 
Missile hydraulic systems requirements as viewed 
by the missile manufacturer. H. J. Ide. 
Optimisation study missile auxiliary power systems 
E. I. Brown and R. W. McJones. ; 
Selection of optimum modes of control for aircraft 
engines. A. J. Sobey. : 
Performance and control of variable geometry alr 
craft inlets. J. H. Maravel and J. Lyttle. 

Control systems for thrust reversal. J. Burnett and 
D. Moses. 

The application of operations research and computer 
techniques to airline operations. L. Rosenfeld. 
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W. A. Page. 
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Fatigue of a Nut and Bolt 


by 


P. B. WALKER, C.B.E., M.A., Ph.D., F.R.Ae.S. 
(Royal Aircraft Establishment, Farnborough) 


| |. Introduction 

Tension bolts are widely used in engines, in 
machinery of various kinds, and in structures. They 
have unique advantages in their contribution to ease of 
assembly and dismantling. They also give a com- 
paratively rigid and compact joint, and from the 
standpoint of static strength are extremely efficient. 
Unfortunately they have not got a good reputation from 
the standpoint of fatigue. Some designers go to 
considerable trouble to avoid them. Others accept their 
limitations and ensure safety by care in detail design 
and by adopting conservative figures for design stresses. 
Where necessary, a limitation is placed on working life, 
at the expiration of which the nut and bolt are replaced 
by new ones. 

The object of this paper is to collect together and 
examine the main factors that tend to reduce the fatigue 
life of a nut and bolt loaded in tension. Individually 
many of these adverse factors may be well-known, but 
the aim is to produce a single comprehensive picture 
with them all shown in relation to each other. In 
, particular, an attempt is made to demonstrate how the 

adverse effects can be deduced from basic structural 
theory. This calls for a fairly detailed study of the 
stress pattern in a tension bolt; and it is shown that 
this commonplace item of everyday engineering must 
be recognised as one of the most complex structural 
elements in existence. 

In order that the treatment may be as comprehensive 
as possible, what may be termed ordinary nuts and 
bolts are taken as the prime object of investigation. 
There are, of course, many kinds of special nuts and 
bolts designed to eliminate some of the adverse factors. 
Several of these special forms have a place in this paper, 
but they are mentioned mainly for their general interest 
or as an illustration of particular phenomena under 
investigation. 

Attention is particularly directed to fatigue failure in 
one specific place, namely, at the cross-section of the 
bolt close to the plane of the nut face. This is the most 
likely site of failure and it is here that the greatest 
number of adverse factors are in operation. Only 
incidental mention is made of other less vulnerable 
places where failure may sometimes occur, such as the 
bolt head or the inner end of the bolt thread. These 

_ Present a less complex problem for analysis, and all the 
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main factors operating are covered in the investigation of 
the nut face cross-section. 

There are one or two general conclusions that emerge 
from this investigation which it is helpful to have on 
record in the introductory stage. Perhaps the most 
important is that some of the main causes of early 
fatigue failure do not arise directly from the use of 
screw threads. There are issues which are more funda- 
mental, and these are attributable to the basic method 
of loading in which tension in the bolt is produced by 
peripheral shear forces applied by the nut. The screw 
threads come into this picture mainly as a device for 
transmitting shear in a most effective way, and the 
stress concentrations and discontinuities they introduce 
are an additional feature. 

It is of interest to note also that the fatigue behaviour 
of any given nut and bolt combination is not an intrinsic 
property, but depends as much upon the characteristics 
of the structural elements that are held together. For 
investigation of some of the adverse factors, therefore, 
the nut and bolt have to be considered as part of a 
complete joint assembly. The structural deformations 
under load, in particular, may be a major complication 
and they probably introduce the greatest element of 
uncertainty in the overall problem. Structures of 
different kinds vary considerably in this respect, but 


_ there are indications that light efficient structures of the 


aircraft type are particularly susceptible. 
Finally, mention has to be made of plasticity at high 


stress and of pre-tensioning. Both of these, either — 


separately or in conjunction, can modify considerably 
the adverse effects that are brought out in the analysis. 
In the earlier part of this paper, both plasticity and 
pre-tensioning are virtually ignored: and it is assumed 
that all the material is elastic and that nuts are ‘“‘just 
tight.” The modifying effects of plasticity and of pre- 
tensioning are then considered as separate issues 
affecting the whole picture. Plasticity, while contri- 
buting to a relaxation of high local stress, is not difficult 
to treat as a modification to elastic theory. Pre- 
tensioning, on the other hand, is a major complication 
mainly owing to the wide variation in the degree of 
initial tension that might be imposed, and the possibility 
that there may be no initial tension at all. 

The more important detail conclusions are given at 
the end of this paper. The analysis gives twelve adverse 
factors of various degrees of significance, and their 
derivation is given in summary form in a genealogical 
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table (Fig. 21). The precise number of adverse factors 
may be, to some extent, a matter of opinion, but a 
figure of this order seems to be clearly established. It 
is suggested that the complex interaction of these factors, 
with the further complications of plasticity and pre- 
tensioning, provide the main reason why the behaviour 
of a tension bolt in fatigue is so difficult to predict. 

‘It is to be noted that the analysis is necessarily 
qualitative. The breakdown into individual effects goes 
farther than would appear to have been found 
practicable in the planning of experimental investi- 
gations. Some of the adverse effects, in fact, may 
never be completely isolated from the others, although 
the analysis here given may suggest new lines of experi- 
mental treatment. It is suggested that the adverse 
effects brought out would easily explain a fatigue life 
corresponding to realistic maximum stresses in the 
region of ten times the nominal average. 


2. Basic Stress Diffusion and Shear Lag 


From a mechanical standpoint the threads on a nut 
and bolt are a contrivance for providing ease of assembly 
and dismantling of a structural joint. From the 
structural standpoint, however, they are essentially a 
practical and effective method for transmitting shear 
force from the nut to the bolt; in other words, they 
simply prevent the nut from sliding along the bolt. 
This function introduces a fundamental problem in 
stress diffusion that has no particular connection with 
screw threads, and it is proposed to consider what may 
be termed the basic process of stress diffusion for a 
somewhat idealised and general case. The particular 
complications introduced by screw threads are then to 
be considered subsequently as a separate issue. 

For this initial analysis the nut becomes a simple 
collar and the bolt a plain rod as illustrated in Fig. 1. 
It is assumed that sliding of the collar or “‘nut’’ along 
the rod or “‘bolt”’ is prevented by a suitable adhesive or 
glue. For this idealised case it is at once clear that the 
nut can apply load directly only to the outer fibres of 
the bolt. The conception of stress in tons per square 
inch based on total cross-sectional area is thus mislead- 
ing, since in the region of the nut the inner fibres of the 
bolt carry scarcely any load at all. If we follow the 
stress pattern in the bolt, proceeding from the nut end 
towards the head, we see the stress gradually diffusing 
inwards in a way that is roughly represented by the 
tension lines shown in the diagram (Fig. 1). This is 
the “‘shear-lag”’ effect that is well-known in structural 
engineering and which operates in addition to any effects 
directly attributable to the threads. 

A somewhat similar stress diffusion phenomenon 
may occur also at the bolt head, even though the 
material is continuous and has no surface of separation. 
This is probably one of the reasons why in fatigue tests 
made in laboratory testing machines the bolt occasionally 
fails at the head instead of at the more usual place under 
the nut face. 

Apart from this risk of actual failure at the bolt 
head, of some interest in itself, the conditions at the 
bolt head may also affect adversely the stresses at 
the nut face, since the delay in stress diffusion or shear 


FiGureE |. Basic stress diffusion—concentration in outer fibres 


lag at the head retards the process of diffusion at the 
nut by tending to hold stress in the outer fibres. |p 
this analysis the effect is being ignored since it dogs 
not raise a major issue of principle. Thus it is assumed 
that the bolt is sufficiently long for the stress to become 
approximately uniform somewhere between the nut and 
the bolt head. 

The tendency for stress to be concentrated in the: 
outer fibres has a bearing on the practice sometimes 
followed of drilling a hole along the axis of the bolt, 
This process removes material that apparently does 
little useful work, since the central core of a solid bolt 
carries little stress in the region of the nut and elsewhere 
relief of stress is not required. A hollow bolt is thus | 
rather more efficient than a solid one on a strict weight: 
strength economy basis, but it has to be borne in mind 
that the central material of a solid bolt is not entirely 
useless, since it attracts stress away from the critical 
outer fibres. The main valid argument for a hollow 
bolt is its increased flexibility, which is beneficial when 
advantage is being taken of  pre-tensioning (see 
Section 9). 


3. Concentration of Shear Loading 

In dealing with stress diffusion in a tension bolt a 
an abstract principle it is convenient to assume in the 
first instance that the shear loading applied by the nut 
to the bolt is uniformly distributed over the contact area. 
It is then important to note that even for this idealistic 
and favourable condition there is a congestion of stress 
lines, or a stress concentration, near the surface of the 
bolt in, or near to, the plane of the nut face. 


INTENSITY OF 
SHEAR LOADING 


Ficure 2. Load transfer for idealised nut and bolt. 
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occurs at the operative face of the nut. The corres- 
ponding resultant tensile load in the bolt therefore 
declines rapidly with axial distance from the nut face. 
Thus the tendency is for most of the load transfer to 
take place at, or near, the nut face. Looked at in a 
slightly different light, this is simply an example of the 
tendency for internal loading to follow the shortest route. 

The use of screw threads instead of glued surfaces 
does not raise any new issue of principle. If for 
convenience the screw threads on the nut and the boit 
are represented by a series of complete rings, the same 
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TOTAL LOAD 
EACH STRIP. 
SHEAR TRANSFER 
CURVE 
GLUED FACES 
FiGure 3. Load transfer for glued strips. 
In reality, of course, the shear loading is not at all 


uniform, and its maximum intensity occurs near the 
nut face. A typical curve of distribution is shown in 
Fig. 2. The effect of this is to increase still further 
the concentration of stress near the surface of the bolt 
in the plane of the nut face. 

This tendency for concentration of shear transfer is 
much better known in structural theory for the case of 
two members connected by a shear attachment. A 


5 thus | typical example is that of two equal strips of metal 
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glued together (Fig. 3). In this classic example it is 
well known that, as illustrated in the figure, virtually 
the whole shear transfer is made at the two ends, a 
condition that can be shown to hold purely from 
consideration of elastic extensions under load. In 
consequence the two strips, except at the extreme ends, 
are uniformly and equally loaded. It is, in fact, one 
of the paradoxes of structural theory that for strips of, 
say, 4 in. thickness a joint with an inch overlap is as 
strong as One a mile in length. 

This example of two strips is worth consideration, 
not only as illustrating the basic phenomenon occurring 
also in the case of a nut and bolt, but also to give an 
opportunity to mark an essential difference between the 
two cases. If the nut were pulled instead of pushed, 
the same type of load distribution would occur, with 
two shear loading maxima. Since the nut is pushed 
and not pulled there is only a single maximum and this 
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Ficure 4. Load transfer for screw thread. 


loading pattern is followed but with load transferred in 
distinct increments instead of continuously (see Fig. 4). 
The turn of the thread at the nut face now carries the 
greatest share of load.* 

For nuts and bolts of conventional design the general 
pattern of loading described is always followed. The 
precise distribution depends upon detail design. In 
general, rigidity of the body of the nut and flexibility 
of the threads of both nut and bolt are beneficial from 
the standpoint of load transfer. The available scope 
for control of distribution, however, appears to be 
limited and it is not unlikely that something approaching 
the optimum has been reached in the process of evolu- 
tion of standard nuts and bolts for most purposes. Any 
radical departure from conventional products clearly 
requires careful consideration lest unfavourable factors 
be introduced inadvertently. 

Various special measures have been suggested for 
reducing the tendency towards disproportionately high 
loading of the turn of thread at the nut face. One of 
the most interesting is the use of a nut having a greater 
pitch than the bolt. This preloads the threads in a 
favourable sense so that when the operating load is 
applied the lazy turns of thread do more work. It has 
to be noted, however, that the use of different thread 
pitches does not give the ideal uniform distribution. 
For this a varying pitch would be required, which is 
impracticable. 

There are arguments against a difference in pitch. 
Unequal pitches offer a resistance to turning that may 


~ well mask imperfections in the threads and this can be 


serious. Furthermore, it is difficult to decide upon 
the optimum, and adverse effects are possible when the 
principle is carried too far. The appropriate action in 
particular cases is clearly a matter of engineering judg- 
ment. It may well be decided that the best course is 
to concentrate upon accurate threads without the com- 
plication of difference in pitch. 

A variant of the differential pitch is to have a second 
nut tightened against the first. In this method no 
attempt is made to obtain uniform loading along all 
the threads. An additional peak of load-transfer is 


*From the purely structural standpoint the continuous spiral of 
a screw thread could be replaced by a series of complete rings 
and for most purposes behaves as such. It would appear that 
this hypothesis is often assumed, since it is frequently the 
practice to refer to “threads” in the plural when there is in 
fact only one spiral, or to refer to a “thread” in the singular 
when a single turn is meant. Difficulties then arise when the 
start or finish of the thread has to be indicated. Effort is made 
to avoid ambiguity in this paper and the word “thread” is 
normally used to indicate the continuous spiral. 


om 
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Ficure 5, Shank constraint. 


produced at the operative face of the outer nut which 
gives some measure of relief at the operative face of 
the inner nut. This method must inevitably be unreliable 
owing to the difficulty of ensuring proper tightening. 


4. Shank Constraint and Interference 


There are two further adverse effects operating on 
a tension bolt that may be treated as stress distribution 
problems on the collar-and-rod basis. Both effects arise 
from the depth of the threads, and from the conventional 
practice of making the diameter of the shank or 
unthreaded portion of the bolt equal to the outside 
diameter of the thread. In other words, the shank of 
the bolt has a larger diameter than that of the effective 
load-carrying core of the threaded portion. 

Once this difference in diameter is accepted we may 
revert to the simplified concept of a collar glued to a rod, 
the case for initial investigation being represented in 
Fig. 5. It will be noted that the portion of the rod 
corresponding to the threaded portion of a real bolt, 
while exactly cylindrical in form, now has the reduced 
diameter. 

The first of the two adverse effects for consideration 
is conveniently referred to as ‘“‘shank constraint’’ and 
owes its existence to the superfluous material in the 
outer layers of the shank. The mechanism by which 
this extra material aggravates the stress concentration 
in the plane of the nut face may be explained in fairly 
simple terms. 

As discussed in Sections 2 and 3 the nut face 
concentration is produced in part by uneven distribution 
of the applied peripheral shear loading and in part by 
shear lag. On both counts the intensity of the stress 
concentration depends upon the rigidity of outer fibres 
just inboard of the nut face. These provide the 
anchorage without which the stress concentration could 
not be sustained. The extra material in the shank 
stiffens the outer fibres and so gives an additional degree 
of rigidity and intensifies the stress concentration. 

The second adverse factor, which is referred to as 
“shank interference,” occurs only when the nut lies close 
to the shoulder. It is convenient to approach this 
condition in stages and to consider first the case of a 
nut separated from the shoulder by a short distance, 
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Ficure 6. Shank interference—superimposed stress 
concentrations. 


as illustrated in Fig. 5. In the stress field for this case 
there are two rings of stress concentration. One is the | 
nut face concentration (X) and the other is the stress 
concentration at the shoulder (Y), of the kind ordinarily 
present whenever there is an abrupt expansion (or 
contraction) of the stress field. With an appropriate 
degree of separation the two concentrations do not | 
greatly affect each other. 

If the nut is now brought progressively nearer to 
the shoulder, however, the two concentrations begin to 
react upon each other and produce mutual aggravation. 
Ultimately, when the nut reaches the shoulder, the two 
are almost completely superimposed. 

This condition of super-concentration is derived by 
superposition above for convenience of illustration. 
The final condition can, of course, be considered ab 
initio. It is then clear that the stress concentration at 


the nut face is intensified by the stress lines having to 
diverge abruptly outwards round the re-entrant angle 
at the shoulder, as illustrated in Fig. 6. 

The introduction of actual threads into the picture 
does not greatly affect the basic stress picture established 
for a collar glued to a rod. The thread of the bolt 
introduces local additional concentrations which are 
discussed under Thread Concentrations in Section 4. 
The trough of the last turn of thread adjacent to the 
shank, however, has special significance since it repre- 
sents the re-entrant corner of the rod with reduced end. 
Its shape and form has an important effect upon the 
stress concentration at the end of the shank. 

To avoid shank interference on an actual bolt it is 
necessary for there to be several turns of unused thread, 
say at least four, to prevent superposition of the two 
main concentrations. In practice some reserve of thread 
is often provided either fortuitously or to allow a margin 
for tightening, and not intentionally for reasons of 
fatigue. 

Such a reserve of thread complicates the fa.igue 
situation for a nut and bolt. If really required to allow 
for differing thicknesses of the compressed structural 


Ficure 7. Methods 
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aements, it will naturally vary for different assemblies. 
The scatter on fatigue life is therefore increased on this 
account and there is the possibility of an occasional 
unexpectedly short life when the nut is close to the end 
of the thread on the bolt. It is clear that the reserve 
of thread to prevent shank interference must be 
additional to any reserve required for tightening 
variations. 

Methods of accommodation of unused thread may 
be important and need special attention in design to 
avoid introducing additional troubles. Three recog- 
sised methods are illustrated in Fig. 7. One has the 
simple washer (Fig. 7(a)), and another has the counter- 
bored nut (Fig. 7(b)) in which some of the turns of thread 
are removed internally. The third alternative is to allow 
the unused thread to pass into the hole (Fig. 7(c)). This 
lst does not appear to be favoured in_ first-class 
structures, since it is not good when shear loads have 
(0 be transmitted; but in many cases it may be prefer- 
able to having an inadequate allowance of unused 
thread. * 

Various methods have been employed to overcome 
both of the adverse shank effects under consideration. 
The most direct method is to make the diameter of the 
bolt equal to the diameter at the thread root, as illus- 
trated in Fig. 8(a). A more extreme form of shank 
reduction is seen in the waisted or “hungry” bolt (Fig. 
8(b)). The form of this bolt follows as closely as possible 
the ideal stress pattern. In consequence not only is 
still more superfluous material removed, but stress is 
attracted away from the thread towards the core. 
Another bolt of interest has a continuous thread (Fig. 
§(c)). In the literal sense, both the shank effects are 
removed in this case since there is no shank, but as 
the threads may exercise some small measure of con- 
straint the continuation of the thread is not quite so 
effective as its complete absence in the region where it 
is not required. 


All the types of bolts mentioned have two serious 
defects. They are not satisfactory for transmitting shear 
or bearing loads and, they do not give positive location 
of the structural components held together by the nut 
and bolt. Methods have been devised for achieving a 
compromise and, although the results may have specific 
application, they are not generally favoured. 


Of greater practical significance is the bolt with a 
continuous circular groove at the corner end of the 
thread (Fig. 9). This groove separates the outer fibres 
from the thread but its effect on shank constraint can 
only be minor. Its main beneficial effect would appear 
to be the reduction of the stress concentration at the 
end of the shank. It is thus effective when there is 
inadequate thread reserve or when, for any reason, the 
last turn of the thread is vulnerable on its own account. 
The stress concentration is reduced in two ways. The 


"In this paper, reserve of thread and the means for accom- 
modating it are ignored except when specifically under 
consideration. This is merely for verbal convenience and, in 
Particular, to avoid having to use complicated definitions of 
what constitutes the nut face and the bedding face on 
the structure. 


(a) BOLT WITH REDUCED SHANK 


| 


— 


(b) WAISTED BOLT 


| | 


(c) CONTINUOUS THREAD 
FiGureE 8. Elimination of shank effects. 


Ficure 9. The terminal groove. 


EFFECTIVE NUT-FACE 
CONCENTRATION. 


SHANK-END 
CONCENTRATION 


OPERATIVE PORTION 


NUT OVERHANG. OF NUT. 


Ficure 10. Separation of stress concentrations by wide groove. 
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STRESS CONCENTRATION 


FiGurE 11. The loaded “Tooth”. 


groove, being circular and continuous, can be made with 
a much higher degree of accuracy and smoothness of 
finish than is possible for a spiral. In addition, its 
shape and form can be selected to give the smoothest 
possible transmission of stress into the shank, without 
the limitations imposed by thread form.* 


The terminal groove may have a further beneficial 
effect, but for the full benefit to be obtained it needs to 
be appreciably wider than is required merely to reduce 
the stress consideration.t The wide groove is roughly 
equivalent to having a generous thread reserve, although 
somewhat more effective and more certain in operation. 
The benefit accrues when there is an error in tightening 
allowance. The thread in the nut then overhangs the 
groove, as illustrated in Fig. 10. What is generally 
described as the “nut face concentration” then becomes 
an “effective nut face concentration” at the first turn of 
thread of the bolt. A minimum distance of separation 
between the two concentrations is thus ensured. The 
penalty incurred is the virtual loss of a few turns of 
thread of the nut, which is not necessarily a serious 
matter and can in any case be corrected by having a 
slightly longer nut. 


5. Thread Concentrations 


The last Section completes the adverse effects 
brought about by the general process of load transfer 
from the nut to the bolt and of stress diffusion within 
the bolt. There is now for consideration the further 
adverse effects brought about directly by the threads 
themselves. It is convenient to recognise four separate 
effects under the following headings:— 

(a) geometric stress concentration; 

(b) root bending moment; 

(c) thread irregularities; 

(d) thread run-out. 


If the threaded portion of the bolt were, as nearly 
as possible, uniformly loaded in tension, there would 


*The groove also removes the critical thread run-out point, a 
matter discussed under Thread Concentrations (Section 5). 


+A groove of width corresponding to 8 or 10 turns of thread is 
not unusual. 


inevitably be a minor geometric stress concentration at 
the trough of the thread. Similar concentration is also 
present with the non-uniform stress pattern of the actual 
case, and in general it may operate as an additional 
secondary factor tending to reduce fatigue life. 
Stress concentration at the trough of the thread, 
however, has a much greater significance when situated 
at the base of a heavily loaded portion of thread and 


when operating directly upon the load entering that | 


particular portion. For this purpose it is convenient 
to consider a section of the thread, which appears as a 
single “tooth” in Fig. 11. This effect is mainly signi- 
ficant at the turn of the thread in the plane of the nut 
face. The delay in the inward stress diffusion causes 
the heavy congestion of stress lines to have to pass round 
the relatively sharp bend at the trough of the thread. 

In addition to this geometric stress concentration 
there is present the effect of the bending moment in the 
tooth, which exercises its maximum effect in about 
the same place. 

The bending moment is, of course, brought about 
by the centre of pressure on the tooth being some 
distance away from the root. The stress pattern in this 
region is complex and the geometric stress concentration 
and the bending effect might well be regarded as part 
of the same stress picture. In an analysis such as is 
undertaken here it is convenient to treat them as separate 
effects, since they depend upon different circumstances 
and respond differently to any remedial action that may 
be taken. 

Irregularity and imperfection of the threads of both 
nut and bolt is the next adverse factor for consideration. 
Lack of care in manufacture may render this effect a 
serious matter, but in any event some unavoidable 
departure from perfection is to be expected. 


The result of this is that one turn of thread of the 


bolt may be more heavily loaded than it otherwise would 
be, as illustrated in Fig. 12(a). The inaccuracy can be 
more local and produce a high loading in a small portion 
of the thread, as illustrated in Fig. 12(b). The irregu- 
larities and imperfections may improve or worsen the 
load distribution, according to their position and 
character. In general, therefore, the consequence is an 
increase in the scatter on fatigue life. With this goes 
the possibility of an occasional unexpectedly short life 
when the additional loading is applied where the load 
is already heavy. 

The fourth and final adverse factor directly associ- 
ated with the threads has a somewhat different character 
from the other three, being a particular manifestation 
of shank interference already discussed (Section 4). 
There is liable to be a pronounced stress concentration 
at the termination of the thread or point of thread run 
out (Fig. 13). To a large extent the concentration 1s 
inevitable from geometric considerations alone, but it 
may be aggravated by imperfections in manufacture. 
Experience shows that it often is so, moreover, since 4 
smooth run-out for the thread is not at all easy to obtain. 

Apart from its local character and its potentially 
greater severity, the run-out concentration has all the 


qualifications attributed to the ring concentration opel: _ 


ating over the complete last turn of thread. While 
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Figure 12 (right). Stress concentration 
through thread imperfections. 


CONTACT 
REGION. 


Figure 13 (below). The critical thread 
run-out. 


RUN OUT. 


(Q) ERROR IN PITCH 


potentially a weak point in itself, it is likely to have 
greatest significance when situated in the already intense 
stress field in the plane of the nut face, that is to say, 
when the reserve of unused thread is inadequate. 

It is of interest to note that the terminal groove 
(Section 4) need not be a mere palliative where this 
effect is concerned. It is possible with a little care to 
remove the thread run-out point and its stress concen- 
tration entirely, and to make the spiral groove run 
smoothly into the circular one. 


6. Eccentric Loading Through Inclination 
of the Contact Faces 

The remaining adverse factors for consideration are 
all an aggravation of the external loading applied to 
the nut and bolt combination. In the main this aggra- 
vation is brought about by the applied tensile force 
becoming non-axial, so that a bending moment is super- 
imposed. 

A few words need to be said about this superimposed 
bending moment since it is more serious than might at 
first sight be supposed. The bending moment is not 
applied in the more usual way by a transverse shear but 
by forces parallel to the longitudinal fibres. Thus, 
whereas the distance required for a transverse shear 
force to produce a significant bending moment encour- 
ages a proper distribution across the section, no such 
effect is present with longitudinal loading. 

Further, the method of longitudinal loading for 
a nut and bolt is particularly adverse. Even with a 
properly distributed bending moment, following 


INCLIN' 
(@) STRUCTURAL FACE INCLINED. (b) Aut FACE INCLINED 


FiGure 14. Inclination of contact surfaces. 


CONTACT 


REGION. 


(b) LOCAL EXCRESCENCE. 


conventional engineers’ theory, the maximum tensile 
stress occurs at the maximum distance from the bending 
axis. In consequence its effect is greatest at the already 
critically loaded outer fibres. The reality is still worse, 
since bending moment in the bolt, as applied by the nut, 
is most unfavourably distributed. The load can be 
applied only at the outer fibres, and there are present 
the effects of shear lag already considered for direct 
axial loading. 

Eccentric loading and a superimposed bending 
moment can be produced in two distinct ways. One is 
by inclination of the contact faces of the nut and the 
adjacent structure. The other is by deformation of 
the structure itself. Inclination of surfaces is for 
consideration in this section, and it is convenient to 
assume in the first instance that the nut face is true 
and only the structural face is inclined to the axis of 
the bolt. 

The condition is illustrated in Fig. 14(a) and it is 
seen that the load applied to the nut acts at an edge or 
a corner of the nut face, and so is displaced a significant 
distance from the axis of the bolt. This type of loading 
introduces the concept of a critical load. As the load 
increases the bolt bends and the nut deforms. A 
relatively high load may therefore produce full contact. 
Further increase of load will then be mainly axial in its 
effects, although the bending moment present at the 
‘change-over will remain. 

For obvious reasons neither the critical load nor 
the effects described are as clear-cut in reality as would 
appear to be implied in the foregoing remarks. In the 
study of principles, however, the simplified concept of 
a critical load is useful and has a vital significance. 
Thus, while a considerable relief may be obtained at 
high loads, such benefit may be entirely absent at low 
loads. On this account the significance of the low end 
of the loading spectrum is increased. The effect may 
be seen in fatigue tests made with an intentional and 


(Q) MINIMUM INCLINATION . (b) MAXIMUM INCLINATION . 


Ficure 15. Combined inclinations—effect of nut rotation. 


L\ 
ated 
| | 

tion | 
| 

tion 

ible 

be 
10n 

and 

oad 

— 

ile 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


| 


lit 


DISPLACED 
CENTRES 


— 


(b) NON-AXIAL LOADING THROUGH INCLINATION 


PERFECT ALIGNMENT. 


FiGuRE 16. Spherical seating direct on the structure. 


controlled inclination. An endurance curve for a wide 
range of loading may show a marked discontinuity at 
the condition corresponding to the critical load, with an 
unusually wide scatter band in the critical region. 

The effect of inclination of the nut face (Fig. 14(5)) 
is almost exactly the same as inclination of the bedding 
face on the structure. An interesting condition arises, 
however, when both faces are inclined to the axis. The 
effective inclination is then a combination of the two 
and thus depends upon the rotational position of the 
nut, the two extreme cases of maximum and minimum 
resultant inclination being illustrated in Fig. 15. The 
effect of this is to widen the scatter band of fatigue life 
when facial inclination is a significant factor. 

An inclined bedding face is difficult to avoid in some 
structures, especially when a number of pieces are held 
by the nut and bolt. The ultimate angle after tightening 
is not always predictable owing to errors that may well 
lie within individually accepted tolerances. The effect 
of an inclined face on fatigue life, however, can be so 
great that extreme measures are often justified. Probably 
the best procedure is to machine the face in situ, but 
even this cannot be effective with certainty unless means 
are available for clamping the structure in its final 
position. One method is to have two bolts close together 
in place of a single bolt. In this event one hole is 
drilled undersize and the structure clamped by an under- 
sized temporary bolt. A permanent bolt is then care- 
fully fitted in the other hole after its contact surface is 
machined. The first hole is then reamed to the proper 
size, its contact face machined, and a permanent bolt 
fitted as before. 

It has to be noted that a completely true face may 
not be obtainable, and hence a “just-tight” bolt may 
always be susceptible to non-axial forces at low level 
loading such as is produced by vibration. This matter 
is discussed under pre-tensioning (Section 9) and pro- 
vides one of the stronger arguments in favour of this 
practice. 

A reasonably true face on the nut is much less 
difficult to provide. To achieve this it is usually neces- 
sary to turn the face carefully after the threads of the 
nut have been cut. It is also well worthwhile at the 
same time to round off the corners of the hexagon face. 
Unless so treated, these corners provide an additional 
moment arm for the bending action and, in addition, 
are more likely to stand proud than the rest of the face. 

Mention should be made of the possible use of a 
washer. This raises no new issue of principle and does 
not require detail discussion. It is clear, however, that 


7, 


(b) Full contact through 
sliding of washer 


(a) Perfect alignment 


FiGureE 17. Spherical washer with enlarged hole. 


accurate faces are as important for a washer as for the 
faces of the structure and the nut. 

To avoid the effects of inclined surfaces spherical 
seatings are sometimes used, as illustrated in Figs. 16 
and 17. It is possible that spherical seatings are less 
sensitive generally to errors in manufacture than are 
flat facings, although this is arguable. For analytical 
purposes it is proposed to assume that machining is 
done to a reasonably high standard and that the only 
effect for consideration arises from the inclination of 
the structural face. 

There are two cases to consider. The first does not 
give the benefits that might be expected. In this the 
concave seating is made directly in the structural face 
(Fig. 16). For uniform contact and axial loading it is 
clear that the centres of the two spherical surfaces must 
coincide. This condition obtains if the concave 
surface is true to the structural face and if this face 
is perpendicular to the axis of the bolt (Fig. 16(a)). If 
the face is inclined, however, the centres cease to be 
concentric and excentric contact results as shown in 
Fig. 16(b). In these circumstances the spherical seat- 
ings have no particular advantage. In point of fact, a 
powerful wedging action may be produced that can be 
even more adverse than inclined flat faces. 

In the second case for consideration this disadvan- 
tage is largely overcome, in principle at any rate. The 
structural face remains flat and a concave washer is 
inserted, as in Fig. 17. It is essential, however, that 
this washer should have an over-size hole. With this 
arrangement the washer can slide over the inclined face 
until the centres coincide and full contact is obtained, 
as illustrated in Fig. 17(b). It can be shown that, 
although the resultant force applied to the bolt is 
slightly inclined to its axis, the effect of the inclination 
is secondary and the applied bending moment is small. 


7. Structural Distortion 

The effects of distortion of the structural elements 
held together by the nut and bolt present a more 
difficult problem than any so far in this paper. An 
exact analysis of the deflections and distortions of 4 
complex structural joint must always be a matter of 
extreme difficulty. This obtains even for a_ specific 
joint for which all design details are available. For 4 
general treatment there is the added complication of 
the many different kinds of joints that exist and the 
wide range of variation in the stiffnesses of the com- 
ponents. For the present purpose it is proposed to 
consider only the broad principles that are in operation 
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when the structure deflects and gives rise to non-axial 
loading of the bolt. 


It is convenient to consider separately two basic 
types of loading. In the one, the joint is tending to be 
pulled apart by tension forces, as illustrated diagram- 
matically in Fig. 18(a). In the other, the components 
are tending to slide over each other under the action of 
shear forces, as illustrated in Fig. 18(b). From these 
two cases more complex loadings may be derived by 
suitable combination. An example is the transversely 
Joaded cantilever illustrated in Fig. 18(c). This gives 
rise to both tension and shear loading of the joints. 
There is in addition the compressive force associated 
with overall bending moment, but this is a relatively 
minor complication and does not require special 
consideration. 

The effect of tensile loading is illustrated diagram- 
matically in Fig. 19(a@), with distortion deliberately 
exaggerated for clarity. It is seen that, owing to 
inclination of the structural surface, load may be 
applied to the edge of the nut, thus giving eccentric 
loading and a superimposed bending moment. 


In some respects the effect may be similar to that 
produced by initially-inclined contact faces. The critical 
load, however, does not exist in the same sense. There 
is still the same tendency for the nut to tilt and reduce 
the relative inclination of the contact faces. The effect 
is opposed, however, by the increase in inclination of 
the structural face as the tensile load is increased. For 
initially true surfaces full contact exists at zero load. 
This may or may not continue as increasing loading is 
applied, depending upon the stiffness of the structure. 


7 

TaN 

(Q) TENSILE. (b) sHEaR. 

LOAD. 


(c) CANTILEVER 
Ficure 18. Types of loading for structural deformation. 


(C) FULL ENCASTRE EFFECT. 


(GQ) SYMMETRIC CASE. (b) OFFSET LOADING. 


Ficure 19. Structural deformation under tensile loading. 


In either event a bending moment is applied to the nut 
face, since even with full contact the necessary bending 
action must be present to make the nut face conform to 
the inclination of the structural face. 


There is a further adverse effect of structural distor- 
tion under tension load, which takes the form of an 
increase in axial load. This effect operates in the simple 
case just considered, but it is revealed in a more serious 
form in another example. This has two bolts as before, 
but the tension load is applied outside them, as shown 
in Fig. 19(b). The externally applied force produces a 


(G) UNLOADED CONDITION. 


(d) PARTIAL FIXATION , 


Figure 20. Shear deformation. 
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bending moment in the structural element in the region 
of the nearest bolt. This has to be balanced by a 
compressive force applied at the contact faces of the 
two structural elements. The load in the bolt is there- 
fore increased by an amount equal to the resultant 
compressive force. The magnitude of this increase 
depends on the position of the centre of pressure, which 
in turn depends upon the flexibility of the structural 
element. It can readily be shown that the extra tensile 
load induced increases with increase in flexibility of 
the structure. 


For the shear loading case it is instructive to 
consider first the idealised case of two contiguous 
plates made of flexible material and pierced by a 
straight flexible rod (Fig. 20(a)). Application of shear 
forces to this system produces distortion as illustrated 
in Fig. 20(b). Here it will be noted that the rod passes 
out of the structural material at an angle to the surface. 
Introduction of a tight nut, and also a bolt-head at the 
other side, resists this inclination by applying a bending 
moment, and the tendency is to produce an encastré 
effect as illustrated in Fig. 20(c). The extent of fixation 
may not, however, be complete and the nut may ride on 
an edge or corner, as shown in Fig. 20(d). 


The overall effect is much the same as for the 
tension case; and, whether the nut rests on an edge or 
makes full contact, a bending moment is applied. For 
a well designed and well made joint the bending 
moment may be small. The adverse effect, however, 
can be greatly magnified if the bolt is a loose fit in the 
hole and the structural components able to slide over 
each other. 


8. Plasticity 


There remains for consideration the effects of 
plasticity at high stress and the effects of pre-tensioning. 
Both are beneficial as a general rule and may go some 
way to counteract the adverse effects considered. 
The two are often closely associated, since pre-tension- 
ing can give rise to plastic deformation. It has to be 
remembered, however, that plastic deformation can 
occur without pre-tensioning, and pre-tensioning has 
effects that have no connection with plasticity. In this 
Section plasticity is discussed as a separate issue, and 
primarily for cases in which there is no significant pre- 
tensioning. The subject of pre-tensioning in its general 
aspects is then treated in the following Section. 


The most direct effect of plasticity under fatigue 
loading conditions is the relief of high local stress in 
regions of stress concentration. Where this operates 
the stress removed is transferred to the less highly- 
stressed surrounding area. The significant feature of 
this particular phenomenon is the discriminatory action 
of plasticity. Widespread plastic deformation does not 
occur and the absence of relief in the surrounding 
region is in many ways as important as the presence of 
relief at the centre. Thus the average stress in the 
region generally, and hence also the load-carrying 
capacity, remain unchanged; but the maximum stress 
is reduced. 


The picture thus presented is broadly as it would 
appear for a single application of load. Much the same 
condition may occur, however, at the peak of a severe 
fatigue loading case. In such circumstances fatigue 
life is increased directly as a result of a curbing of the 
maximum stress. 

The benefit arising from this effect clearly depends 
upon the overall loading level, as well as upon the 
existence of stress concentrations. Thus most relief js 


afforded at loading levels that may be judged to be high | 


for fatigue loading conditions, although not so high as 
to produce universal or widespread plastic deformation, 
Relief may be small or completely non-existent, on the 
other hand, at low loading levels; and these may have 
significance if they occur frequently, as when produced 
by vibration. Furthermore, if through heavy stress. 
concentration local plasticity does occur at low loads, 
then the stress level at which the limitation operates is 
extremely high for repeated loading involving many 
applications. From this particular standpoint, therefore, 
the stress concentrations in a tension bolt are relatively 
more harmful for low level fatigue loadings than 
for high. 


It is of interest to remark that there is much 
experimental evidence of the relieving effect of 
plasticity upon stress concentrations at fatigue loading 
levels. Most of this relates to simple concentrations 
such as are produced by circular holes or V-notches, 
and not to complicated conditions such as occur in a 
tension bolt. Experiments with holes in a flat sheet 
show that in terms of fatigue life the concentration is 
almost fully effective at low loading cycles correspond- 
ing to what may be regarded as the fatigue limit. On 
the other hand, the stress concentration virtually 
disappears in a single application of load to destruction. 
Intermediately, there is a progressive reduction in the 
effects of stress concentration with increasing level of 
maximum stress. The gradual change is of consider- 
able interest: its implications are that while plasticity 
may have virtually no effect at low loading levels, it 
operates in a partial degree over a wider band of load- 
ing than might be expected from a simple analysis. 

The foregoing discussion of plastic deformation 
relates to the particular loading level that has produced 
it. There is, however, a further matter for considera- 
tion, namely, the effect of plastic deformation produced 
at a high loading level upon subsequent fatigue 
loadings at a lower level. 

The permanent deformation that occurs at high load 
appears to produce benefits at lower loading. In effect 
the structure is pre-formed to a shape which gives a 
more or less permanent reduction of maximum stress 
in the region where plastic extension has occurred. The 
phenomenon is not so simple, however, as might at first 
sight appear. The plastically deformed material tends 


to behave elastically at the lower stress, and hence the 
range of load variation may be unchanged, and at very 
low tensile loads there may be local compressive stress. 
The indications are, however, that the overall effect of 
plastic deformation is still beneficial to a significant 
degree. 
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The behaviour of structural material under these 
conditions is not fully understood. It is therefore 
important that there is considerable experimental 
evidence indicating that, in general, a single application 
of a heavy load is beneficial from the fatigue standpoint 
at the lower loadings that follow. There is also further 
evidence which indicates that an occasional repetition 
of heavy load is still more beneficial, and has a 
rejuvenating effect. ‘The treatment, of course, must not 
be too drastic or too frequent, or it may induce fatigue 
on its own account. 

In addition to its effects on the internal stress 
pattern, plasticity may also exert a beneficial effect on 
the distribution of applied force at the threads of the 
bolt. It may do so in two distinct ways. In the first 
place, plastic deformation tends to iron out small 
excrescences and to correct any minor irregularities. In 
the second place, it can go some way towards equalis- 
ing the load carried by the respective turns of thread. 
Thus the critical turn at the nut face may yield under 
heavy load and cause a greater share to be transmitted 
to the next. This may also shed load and so on down 
the line to an extent depending upon the magnitude of 
the tension load applied. 

As is the case with relief of internal stress at points 
of concentration, the benefit of any plastic deformation 
at the threads is retained at lower loading levels. Its 
permanent character, however, is more positive and 
more certain. The thread system acts as much as a 
mechanism as a structure. The threads of both the nut 
and the bolt may, in fact, be given permanently a form 
approaching the ideal for uniform load distribution. 

There is one major reservation concerning the bene- 
ficial effect of plasticity upon the screw threads. The 
loading level necessary to produce the relieving effect 
to a significant degree is probably greater than will 
normally occur under acceptable conditions of fatigue 
loading. It has, therefore, to be brought about arti- 
ficially, and the method is pre-tensioning of the bolt, 
which is the next subject for consideration. 


9. Pre-tensioning of the Bolt 


Pre-tensioning of the bolt by initial tightening of the 
nut produces benefits that fall into four broad cate- 
gories: — 

(a) Improvements in thread form and in applied 

load distribution; 

(b) Reduction of range of tension load fluctuations; 

(c) Alleviation of adverse effects at inclined bed- 

ding faces; 

(d) General stiffening of the complete joint. 

The improvements in thread form are attributable to 
plasticity as discussed in the previous Section. The two 
beneficial thread effects mentioned there are normally 
present. First, irregularities in the threads are smoothed 
out and a better contact between the thread of the nut 
and the thread of the bolt is obtained. Secondly, a 
more equitable distribution of transmitted load is 
produced between the operative turns of thread on the 
bolt. The results in both respects go well beyond what 
IS possible by any manufacturing process. 
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For the desired effects to be achieved a fairly heavy 
pre-tensioning is necessary, although there may be 
differences of opinion as to the precise degree. Many 
skilled operators tighten until yielding is definite and 
obvious.* It is probable that such yielding, which is 
detected partly by observation of the number of turns 
and partly by feel, is confined to the threads. This 
degree of tightening appears to be adequate and it is 
probably undesirable, as well as unnecessary, to proceed 
to a stage where general yielding of the main body of 
the bolt occurs. 


In principle the improvement obtained by one 
tightening is permanent. Experience shows, however, 
that it is important that tension should be maintained 
by further tightening at regular intervals. The bedding- 
down process, which takes place not only at the threads 
but also at the contacting faces of the structural elements 
comprising the joint, is progressive under the action of 
the fluctuating loads that are superimposed on the steady 
tension load. Left to itself, the originally tight nut 
becomes slack and may rotate slightly. In this event 
much of the benefit of thread pre-forming is lost. On 
the other hand, if tension is maintained the progressive 
bedding down at the threads is beneficial. It is of 
interest to remark at this stage that the other benefits 
to be derived from pre-tensioning, as discussed below, 
require the tension to be continuously maintained. 


The second beneficial effect of pre-tensioning is the 
reduction in range of the fluctuating tension imposed 
by the operational loading. This reduction arises from 
the comparative flexibility of the bolt in tension and the 
comparative rigidity in compression of the structural 
elements that are clamped together by the nut and bolt. 
If, for example, the bolt under tension expands ten times 
as much as the structure contracts under the corres- 
ponding compression force, then only one eleventh of 
the load fluctuation passes through the bolt. The 
remainder passes through the structure, which being in 
compression is not as a rule vulnerable to fatigue. 


This reduction in range of load fluctuation is obtained 
at the price of a relatively high steady stress or mean 
stress in the bolt. Under reasonable conditions of 
design and operation, and provided pre-tensioning is 
kept within what would generally be regarded as 
reasonable limits, the effect of this steady load is 
secondary. 


The relieving effect fails only if the operational 
tension exceeds the initial tension, in which event the 
contacting faces of nut and structure separate and there 
is no compression in the structure. Under reasonable 
design conditions this is unlikely to occur. Subject to 
considerations of static strength, moreover, a very 
occasional over-load in this respect is not likely to do 
much harm from the fatigue standpoint. 


With the reservations mentioned for a very heavy 
load, the benefits of pre-tensioning through diminution 
of axial load fluctuation are considerable, and operate 
over the entire loading range. In terms of fatigue life 


*It is understood that this degree of tightening is not always 
attainable with standard equipment for bolts of large diameter. 
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they are most significant at low loading levels, since 
the fatigue life may be extended indefinitely. 


If there was no other beneficial effect the reduction 
of fluctuating tensile load would lead to a corresponding 
reduction in any bending moment fluctuation associated 
with eccentric loading. Actually, pre-tensioning 
produces in addition other significant effects upon bend- 
ing moment. 

In cases where the faces of the nut and the structure 
are initially inclined they are brought together by pre- 
tensioning. This is virtually an artificial anticipation of 
the critical load discussed in Section 6. The result of 
such permanent contact is that fluctuation in bending 
moment is removed entirely. There is clearly always 
present the steady bending moment necessary to produce 
full contact but, as in the previous case, its effect on 
fatigue life is normally secondary. Furthermore, with 
care in manufacture of contact faces, the steady bending 
moment can be reduced to something very small. 

It is of interest to consider a little further the manu- 
facturing limitations in relation to contact angle. Clearly, 
pre-tensioning should not be relied upon to bring 
together two surfaces inclined originally at several 
degrees to each other. On the other hand, manufacturing 
accuracy is not absolute and it appears reasonable to 
assume that a small angle of inclination can exist in 
spite of the care taken. Without pre-tensioning there- 
fore there must exist some low loading level at which 
the entire fluctuating axial load is applied non-axially 
at an edge or corner of the nut. The associated bending 
moment is then far more damaging from the fatigue 
standpoint than the axial component of tension, although 
only a small degree of pre-tensioning is required to 
remove it entirely. Thus, it would appear that while 
pre-tensioning is greatly beneficial at all conditions of 
loading it may have a special and vital significance under 
conditions of low load fluctuation such as are produced 
by vibration. 

Eccentric loading produced by distortion of the 
structure does not respond in the same way to treatment 
by pre-tensioning as does non-axial loading produced 
by initially inclined surfaces. Bending of the bolt is 
brought about by a forced inclination of the contact 
face of the structure, and initial tightening does not 
directly affect this. 

The benefit of pre-tensioning arises from the general 
stiffening of the structure which it produces. Without 
pre-tensioning the non-axial loading effects depend 
primarily on the flexibility of the particular structural 
element immediately under the nut face. Pre-tensioning 
clamps all the elements together and, in general, gives 
a considerable increase in overall effective stiffness. The 
benefit is obtained in both tensile and shear loading 
cases as discussed in Section 7. 

Closely allied to this direct stiffening effect is the 
prevention of fretting that may arise from a general 
looseness in the complete joint unit. As is well-known, 
fretting is an accelerator of fatigue failure. A mild 
degree of tightening may be insufficient to prevent 
excessive fretting, but in any event a “‘just-tight” nut 
may soon become a slack nut. Fretting cannot 


necessarily be eliminated entirely by pre-tensioning, 
in fact by any other means, but it is rendered much 
less likely to occur. 

A few further remarks are appropriate on the 
methods of pre-tensioning and the choice of material 
for the nut and bolt. Great care is necessary in Carrying 
out the pre-tensioning. The main danger is over. 
tightening. It is possible to break a bolt at the star, 
Still worse, a crack may be initiated which is not detected 
at the time but which soon develops through fatigue. 

The most successful method having an automatic 
character is the use of a spanner with a torque limiting 
device. It has been said, however, that the hand of 4 
skilled operator is far superior to the best torque spanner 
ever made. For this view there may be some justi- 
fication. Nut and bolt combinations vary considerably 
in their inherent resistance to turning, and whereas a 
skilled operator unconsciously allows for this the torque 
spanner operates indiscriminately. 

Choice of material for the nut and bolt is also of 
first importance. Materials liable to stress corrosion 


should not be used since they may fail under the steady | 


load. It is worthwhile, moreover, to sacrifice ultimate | 


strength in order to have material of a reasonably high 
ductility. This introduces a much greater degree of 
tolerance in the pre-tensioning process. The risk of 
over-tightening is greatly reduced, while it is rendered 
less difficult to ensure that the tightening is adequate. 


10. Conclusions 

This analysis gives twelve adverse factors tending 
to reduce fatigue life. They are set out in the Summary 
Table in Fig. 21, which also gives some indication of 
their origin and family relationships. These adverse 
factors have to be considered first without pre- 
tensioning. 

The number alone has significance. Its implications 
are that information obtained from laboratory tests 
must normally be accepted with reserve owing to the 
difficulty of reproducing all the adverse factors 
realistically, especially those arising from behaviour of 
the structure. 

The most important characteristic of the collective 
list, however, is the way in which several adverse effects 
may be superimposed. For simple stress concentrations, 
such as are produced by holes and notches, it is usual 
to assume in fatigue investigations a realistic stress 
factor of three or four in the worst conditions. In the 
complex stress field, however, one stress concentration 
may virtually be multiplied by another, provided that 
the term “stress concentration” is interpreted in its 
broadest sense. Thus, for example, a notch concentra- 
tion may be situated in a congested stress field produced 
by shear lag, and this in turn may be aggravated by an 
initial concentration of applied load on entry into the 
stress field. Furthermore, the local high _ stresses 
induced may be greatly intensified by eccentricity of the 
applied tension loading. 

Instead of being three or four times the nominal 
average, therefore, the effective maximum stress from 
the fatigue standpoint can easily be ten times the 
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Je nominal average. This figure of ten is believed to be The process of plastic relief is so automatic that 
€. approximately the best assessment that can be made with one exception it calls for no special action in 
from the experimental evidence at present available design. The exception is that material should be chosen 
from all sources. In the light of this analysis, however, for the nut and bolt having a reasonably high ductility. 
ding it is Suggested that the possibility of still higher values, The benefits of pre-tensioning appear to be far too 
a for particularly adverse combinations of adverse effects, great to be sacrificed on the great majority of structures. 
: cannot be dismissed. The beneficial effect is considerable at all loading levels, 
erse The effect of this combination of adverse factors but is especially significant at low levels. 
pte: occurs over the entire loading range, but it is likely to Care is necessary in applying pre-tensioning, not 
have greatest impact where the loading level is low and only to ensure that the beneficial effects are realised, 
ons the applications correspondingly frequent. Plastic relief, but also to avoid the introduction of harmful effects. 
we which can be so beneficial at high loadings, may not Material of low ductility, or subject to stress corrosion, 
the occur at all at the lower loading levels; and even if it must not be used. The initial tightening must in some 
ns does occur the stress level is likely to be excessive for the measure be controlled and steps taken to maintain the 
a number of applications to be expected. tension by periodic re-tightening. 

Failure to obtain plastic relief at low loading levels Finally, mention should be made of care in 
ive is probably fully allowed for, as a general rule, in manufacture and detail design of the nut and bolt and, 
cts structures designed essentially for them. Trouble may in fact, of the whole joint assembly. Accurate and 
nS, well occur on this account, however, with structures smooth machining, particularly of the threads, is most 
ual designed primarily for relatively high loadings. The important. A reserve of unused thread appears to be 
ess fatigue life may then be reduced by the encroachment imperative and it should be worthwhile to introduce 
rhe of unsuspected low level loadings that are scarcely the terminal groove. True alignment of the bedding 
on measurable but which, by the processes here described, faces of the nut and the structure is another matter 
vat may be raised to well inside the critical region. In the requiring considerable care. Attention to such matters 
its light of this analysis, therefore, vibrations having a as these, and also to many others that may appear 
re mechanical origin may have a dangerous significance trivial in themselves, should produce benefits out of 
ed on structures not deliberately designed for them. proportion to the effort and cost. 
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Guided Flight Trials 


R. W. M. BOSWELL, O.B.E., M.Sc. 
(Deputy Controller (Trials and Instrumentation), Weapons Research 
Establishment, South Australia) 


1. Introduction 

Early in 1946, when work on guided weapons had 
only just begun in the United Kingdom, it became 
clear that there was a future need for a long Range, 
preferably over land, for the testing and development 
of guided weapons. Such a Range could not be located 
in the British Isles, and a survey throughout the 
British Commonwealth indicated that Australia was 
most likely to provide a suitable site. Therefore, a 
party of Ministry of Supply and Ministry of Aircraft 
Production personnel under the leadership of Lieut.- 
General (now Sir John) Evetts carried out a preliminary 
survey in 1946, selected a site in South Australia which 
appeared most suitable and submitted a detailed report 
to the Ministry of Supply. As a result, it was agreed by 
the United Kingdom and Australian Governments to set 
up the Long Range Weapons Establishment at Salisbury 
in South Australia and to begin the construction of both 
guided weapon and bomb ballistic Ranges at Woomera, 
approximately 300 miles north-west of Adelaide. (See 
Figs. 1 and 2). A second United Kingdom party (again 
led by Sir John Evetts) arrived in Australia in March, 
1947, and the project was begun officially on Ist April 
of that year. 

The South Australian location had two outstanding 
advantages. Firstly. by choosing a site near Pimba on 
the Trans-Continental Railway line for the launching 
area, it was possible to fire a distance of 1,250 miles 
over practically unpopulated areas before reaching the 
coast of Western Australia and if necessary a further 
2,000 miles over the Indian Ocean; secondly. at Salis- 
bury (only 17 miles from Adelaide) an empty Explosives 
Factory with 1} million square feet of convertible 
buildings, built in 1942—with supporting office blocks, 
transport facilities and some housing—was immediately 
available. With these two assets it was obvious that the 
economical manner in which to operate the whole 
Establishment was to concentrate at Salisbury the sup- 
porting Laboratories, Workshops and Preparation 
Facilities so that the minimum number of personnel 
would require accommodation in the semi-desert region 
at Woomera. Even so, the total community at Woomera 
is now of the order of three thousand men, women and 
children. 

The difficulties in operating a Range separated from 
its Base by 300 miles have been overcome to a great 


The third lecture to be given before the Guided Flight Section 
of the Society—on 25th February 1958 at Londonderry House. 


extent by provision of direct telephone and teletype 
links and the institution of a daily courier aircraft | 
service which moves Salisbury staff to Woomera in less 
than two hours. For heavy stores, conventional but 
rather slower communication is available by rail and 
road, the journey by these means taking about 
ten hours. 

As far as United Kingdom Missile Contractors are 
concerned, the main advantages of the Woomera 
Range are that: — 

(a) missiles can be fired great distances without 

danger to civilian population; 

(b) as it is a land Range, recovery of missiles is 

possible; 

(c) meteorological conditions are such that less 

than 10 per cent of the scheduled trials are 
delayed by adverse weather. 


The only disadvantage is its distance from Great Britain. 
Therefore, quite properly, the U.K. missile contractors 
carry out as many trials as possible on the missile and 
bomb ranges near their factories in the United King- 
dom and the Australian Establishment normally has 
several years’ notice of their intention to come to 
Australia, This has enabled W.R.E. to adopt a policy 
whereby instead of immediately installing a general- 
purpose Range which may or may not satisfy future 
customer requirements, the installation of facilities and 
instrumentation can be delayed until a definite request 
is received from a contractor for a particular type of 
trial. The customer’s problems are then recorded ina 
Planning Specification and he is presented with a 
Facilities Plan which, it is hoped, will meet his 
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requirements. This procedure has made for considerable 
economy, has prevented W.R.E. from committing the 
Range to out-of-date equipment, and has afforded 
continual stimulus to furnish the appropriate instrumen- 
tation for the requirements as they arise. 


PART I—ORGANISATION 


Originally, all guided weapon trials’ work was 
handled by the Long Range Weapons Establishment. 
But in 1955 this Establishment was amalgamated with 
the Chemical and Physical Research Laboratories (also 
located at Salisbury) and became the Weapons Research 
Establishment (W.R.E.). The Trials Wing of W.R.E. is 
now the body responsible for carrying out all guided 
missile trials; to do this, the Wing is organised into four 
Divisions. 

Firstly, the Trials Division’s function is to plan and 
execute the trials and to process the data arising from 
them. It has a Missile Projects Group which liaises 
with contractors at Salisbury and prepares a Trials 
Instruction—the executive document which specifies in 
some detail the facilities and measurements required of 
the Range. The Ranges Group (at Woomera) then 
carries out the trial, the results of which are processed 


» by the Mathematical Services Group who provide the 


contractor with data reduced to a form specified by 
him. It is with this Division, then, that the contractor 
will have most contact. The Range Development 
Division is responsible for providing all instrumentation 
tequired at Woomera and includes an Electronic Instru- 
mentation, an Optical/Mechanical Instrumentation and 
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a Target Aircraft Group. This Division may procure 
from the U.K. or elsewhere the appropriate instruments, 
or may develop within its own laboratories at Salisbury 
other systems which may be required. It is supported 
by a Techniques Division whose function is to develop 
techniques or components which will increase the 
efficiency of the systems being provided by Range 
Development Division. For instance, Range Develop- 
ment Division would be concerned with a complete 
optical or telemetry system, whereas Techniques 
Division would be concerned with improving lens 
design or developing new aerials or receivers. In 
countries such as the United Kingdom, or America, this 
support would probably be available from the 
Universities or large manufacturing firms, but because 
of the isolation and the comparatively small amount of 
industry in Australia it has been found necessary to 
provide it within the Establishment. Lastly, we have 
the Systems Assessment Division, which is not con- 
cerned with the research and development trials carried 
out by contractors on their missiles but which, in con- 
junction with the Royal Aircraft Establishment, designs 
and carries out the Acceptance Trials of these weapons. 

The personnel of the Wing is basically civilian and 
composed now almost entirely of Australians, although 
great help was rendered by secondment of many U.K. 
personnel in the early days of the Project. The 
Establishment is supported by quite a number of 
Servicemen; but, in general, they are employed in 
positions for which they have already had Service train- 
ing, or where the Range experience would be of value 
to the particular Service. For instance, the complete 
air support of W.R.E. is provided by the Royal 
Australian Air Force, while Army personnel operate 
the radar equipment and handle explosives. 

With the exception of Ranges Group, the entire 
Wing is located at Salisbury, quite adequately housed 
in buildings already existing. The only new construc- 
tion in the Salisbury Area is Edinburgh Airfield, and 
the Royal Australian Air Force policy is similar to our 
own in that they maintain at Woomera a Trials Unit 
whose main function is to provide target services, at 
present with Jindivik and Meteor aircraft, and concen- 
trate back at Edinburgh their support Units—and from 
there. if the range of the aircraft permits, they mount 
the air support for trials. 


PART II—WOOMERA 


At Woomera there were literally no buildings and no 
facilities, other than the Trans-Continental Railway, 
and in our planning it was necessary to exploit the 
advantages and minimise the disadvantages of the area. 
Three main factors affected planning. 

Firstly, there was effectively unlimited land avail- 
able on which to build the Village, the Airfield and the 
Rangehead. The popular conception of the desert as a 
sandy waste does not apply to Woomera, and stretching 
out from Pimba on the Trans-Continental Railway there 
is about one thousand square miles of gently undulating 
stony plateau country, covered only with small 
succulent bushes and some little grass; farther up the 
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Range there are alternate regions of this type of country 
and sandhills covered with low scrub. A site was chosen 
for an airfield about five miles from Pimba, and a spur 
from the Trans-Continental Railway line was built into 
this area; the Village was then sited between the 
Airfield and the railway; and the Main Rangehead was 
sited about 20 miles from the Village. Because of the 
terrain it was possible to make theoretically ideal 
designs for the Rangehead and subsidiary Ranges and 
to transfer these directly on to the country, and it can be 
truly claimed that natural features have never impeded 
or caused alteration in Range layout. However, as 
facilities have built up (such as roads, power lines, 
instrumentation posts, and so on), in our later develop- 
ment account has been taken of these capital facilities 
and, wherever possible, new instrumentation sites or 
other new construction has been pushed towards those 
already in existence. 

Secondly, at Woomera the climate is hot and dry 
and affords an average of 3,300 hours of sunshine per 
year. It was possible, therefore, to exploit optical as 
well as electronic instrumentation, and much original 
work in instrumentation development in Australia has 
in fact been done in the optical field. 

Lastly, the chief restriction was the desire, for 
economic reasons, to have the minimum number of 
people at Woomera. This was largely achieved by 
locating the development laboratories at Salisbury: 
of the total staff of the Wing, less than 25 per cent are 
employed at Woomera—in professional grades. 10 per 
cent. Beyond this, only indirect methods could be 
used—that is, acquiring or producing reliable instru- 
mentation, installing it in good buildings and, where 
necessary, providing air conditioning. As much as 
possible of the equipment is automatic in action and 
capable of operation by the minimum number of 
personnel. It has been found that by good design the 
requirement for operating skill can be reduced, thus 
enabling recruitment of quite a number of the Woomera 
housewives to operate optical and, in some cases, 
electronic equipment. 


PART III—TRIALS FACILITIES 


On the Rangehead itself the freely available space 
has been used to separate the working buildings from 
places where dangerous operations take place, and the 
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minimum number of protected buildings have been jp. 


stalled. It will be seen from Fig. 3 that on this Range | 


there is a line of three launching sites, each separated by 
a distance of 600 yards; thus, when explosives are being 
handled on one launching pad, work can proceed ip 
reasonable safety on the other two. The instrumentation 
is located 1,000 yards to the rear of the launchers and, 


where possible, is concentrated in an Instrumentation | 
such as_ kine. | 


\, 


Building. Optical instrumentation 
theodolites requires a geometric plan, of course, and 
these Posts are located on a road running past the 


Instrumentation Building and moving north of the firing |, 
direction so that the sun is normally behind the | 


operators. Behind the Instrumentation Road the con. 
tractors occupy a series of Test Shops where they make | 


their final preparation, and to the rear again of these } 


are common facilities such as Fuel and Explosives 
Stores, Magazines and Boosting Shops. This layout 
enables the missile contractors to have free access to 
their Shops and to proceed with trials preparation with- 
out impeding any of the measurement work that may be 
in progress in front of the Instrumentation Road. To 
the north, but adjacent to the Rangehead, is Evetts 
Field from which target aircraft are operated; this 
airfield can also be used to off-load missiles but, in 
general, air transport activity is confined to the main 
Woomera Airfield. 

The purpose of a trial, of course, is to carry out 
measurements of a missile in flight, and to achieve this 
instruments are required that will give information 
on:— 

(i) The Internal Behaviour of a Missile. 
This is usually achieved by a_ telemetry 
system, and the type in greatest use on the 


Range is the SRDE/RAE frequency-modula- | 


ted time multiplexed 24-channel system 
operating on a frequency of 465 Mc./s. In 
the case of rounds to be recovered it is possible 
to employ scratch or magnetic recorders to 
record internal behaviour. 

(ii) The Position of a Missile in Space to an 
Accuracy of a few Feet. 

From this information velocities, miss 
distances and, in some cases, longitudinal 
accelerations can be derived. The Askania 
kinetheodolite originally used has been re- 
placed by the more accurate instrument 

manufactured by Contraves. Multi- 
station Doppler is also installed but. 
although it can be used in all 


f 


weathers, the ease of computation |, 


makes the optical method preferable. 


EVETTS FIELD 


Ficure 3. Plan of a missile range, Woomera. 


(i) 


(iii 
| 
} 
| 
a8 > i) 
« * 
techn 
targe 
able 
expel 
exer 
| 
tion 
that 
conv 
| 
| syste 
) 
| 
avai 
are 
| able 
rade 
fic 
tefe 
— the 
i 
ac 
dis 
| 


W. M. BOSWELL 


GUIDED FLIGHT TRIALS 


411 


~ 


- by an unmanned Meteor. 


(iii) Position of Ancillary Flight Platforms to an 
Accuracy of about 100 feet. 

Such platforms would be targets, bombers 
and fighters requiring control over the Range. 
Therefore, display in real time is a character- 
istic of this type of instrumentation. Both radar 
and a centimetric direction finding system are 
used to provide raw data which, after compu- 
tation, is displayed in Cartesian co-ordinates 
on plotting tables. 

The External Behaviour of a Missile in Flight. 

This is recorded by high-speed cameras. 
Much effort was put into developing a com- 
pletely motorised mount and the present 
equipment comprises a modified fire control 
radar aerial mount fitted with a Vinten 
HS. 300 camera with interchangeable lenses up 
to 80 in. focal length. 

To carry out a trial and to provide the contractor 
wih the required information two other important 
technical facilities are essential. The first is a suitable 
target-—preferably one that is representative of a prob- 
able war-time target but, as this is usually prohibitively 
expensive, at least a combination of targets to fully 
exercise the missile during the trials engagement. The 
target normally used is Jindivik, and this is supported 
The second facility is an 
adequate system for reducing the mass of trials data 
obtained at the Range and transforming it into informa- 
tion that can be readily used by the trial sponsor. The 
W.R.E. system has been built around a digital computer 
and we have endeavoured to design instrumentation so 
that its output is in the form of digits. or can be easily 
converted to them. 

These technical facilities and the instrumentation 
systems will be discussed more fully. 


PART IV 
ELECTRONIC INSTRUMENTATION 


|. Trajectory Measurement 

For trials purposes, where considerable space is 
available to deploy instrumentation and where results 
are not required in real time, it has been found prefer- 
able to use a phase comparison system rather than a 
tadar system for determination of accurate trajectory. 

The particular system in use is referred to as a 
Radio Doppler System. An electromagnetic field is 
tadiated by a transmitter; the missile flies through this 


field, and the re-radiated signal is received on one or 


more receivers on the ground. A direct signal from 
the transmitter is available at the receivers as a 
teference signal and as the missile moves away from, or 
towards, the transmitter the phase of the re-radiated 
signal, when compared with the reference signal, will 
change by 360 degrees when the total return path varies 
by one wavelength. As the frequency, and therefore 
the wavelength, of the radiated signal can be determined 
with great precision, the system is inherently very 
accurate; it does, however, suffer from a number of 
disadvantages. 


Firstly, in the case of passive systems there are 
considerable noise contributions due to reflections from 
nearby objects when the phase of these reflections is 
varying randomly. And, in addition, the amplitude of 
the direct signal, which will also include transmitter 
noise, is usually many times greater than that reflected 
from the missile. These difficulties are largely over- 
come when a transponder is fitted in the missile; then 
the received signal is amplified, frequency doubled and 
re-radiated. The reference frequency from the trans- 
mitter can also be doubled at the receiving equipment, 
and a controlled amount of this signal can be mixed 
with that received from the missile. However, the 
phase change as measured at the ground will be affected 
by rolling of the missile. A suitable correction can be 
made, of course, if roll position is measured by an 
independent method. 

A further difficulty which arises with both 
reflection and transponder systems is that the data are 
“incremental,” so that loss of information due to a 
signal fade can result in a difficult extrapolation prob- 
lem. A particular case occurs at the beginning of a 
missile flight where the phase variation is slow and the 
signal strength at a minimum; here an optical fix is 
obtained at a point in space where good signals are 
being obtained, and the computations are started from 
this point. 

On the computation side, as the transmitters and 
receivers will normally be separated to reduce the 
amplitude at the receiver input of the fundamental 
frequency in the case of Reflection Doppler, or radiated 
second harmonic in the case of Transponder Doppler, 
a solution will be required for the intersection of three 
ellipsoids. This is very laborious if hand methods are 
used, but is comparatively simple if the output data can 
be read automatically and the problem programmed 
into a digital computer. 

A variation of the multi-station Doppler method 
which gives an easily computed trajectory is provided 
in the OP-DOP system developed at R.A.E., where a 


_ kinetheodolite is located at the mid-point of the line 


joining a transmitter and a receiver. Advantage is then 
taken of the high accuracy with which angles can be 
measured by optical means and distance measured by 
the phase comparison system. 

Both multi-station reflection and transponder 
systems are installed at the Range and, where space is 
available, it is the general practice to fit a transponder 
in the missile. In small missiles where a transponder 
cannot be fitted and where the dimensions are such that 
no great inaccuracy arises from the assumption that the 
reflecting point is at the centre of the missile, then the 
reflection system is used. 


2. Telemetry 

The standard telemetry system used on the Range is 
the Sub-miniature 24-channel time-multiplexed system 
developed by R.A.E. from an earlier design initiated by 
S.R.D.E.; briefly, the R.A.E. system can be classified as 
a PAM-FM-AM system. It can accept voltage or 
inductance channel inputs, which are multiplexed by 
using a motor-driven mechanical switch. Normally each 
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channel is sampled 80 times per second, but this can be 
varied from 40 to about 120. The data as they appear 
at the switch output are converted to a frequency 
modulation of a sub-carrier by means of a frequency 
modulator unit, the output of which amplitude modu- 
lates the carrier. Sub-carrier frequencies for data 
occupy the band 130 to 160 ke./s. and a synchronising 
channel occurs at 180 ke./s. The carrier frequency 
allocation is from 440 to 495 Mc./s. This system has 
many advantages from the Range point of view; it is 
reliable, relatively simple in operation, and presents 
data in a form which is amenable to automatic data 
processing. 

A major disadvantage of the system, however, is the 
restricted bandwidth of the channels. Normally, with 
120 samples per second and simple smoothing tech- 
niques it is possible to obtain a frequency response with 
fair accuracy up to about 15 c./s.; or, by omitting the 
multiplexing switch, the system can be reduced to a 
single-channel high frequency system with a bandwidth 
of up to 10 ke./s. To overcome this disadvantage the 
information bandwidth potential of the system has been 
exploited to provide either greater bandwidth with the 
original range or, greater range with the original band- 
width. Not all of the 10 kc./s. frequency response 
provided by the modulator to demodulator part of the 
system is needed when operating with multiplexing 
switches and, depending on the switch speed, we have 
been able to insert one or two continuous channels in 
the upper end of this spectrum; each channel has a 
bandwidth 20 c./s. to 3 ke./s. and is designed specific- 
ally to be used with barium titanite vibration 
transducers. 

In the ground installation, the original crossed- 
dipole aerial array has been replaced by a helical 
aerial with a much wider bandwidth. In fact, the 
general tendency in all Range instrumentation is to 
change to helical aerials and helical arrays where 
circularity of polarisation is required. 

In the ground receiving equipment itself, the original 
receiver and channel strobing circuitry was included in 
a large cabinet of display equipment, which produced a 
photographic “low speed” record of the 24 channels. 
Another recorder produced a “high speed” photographic 
record of the sequence of channels as they appear before 
strobing. Much more time was spent setting up the 
display equipment than was spent in adjusting the 
receiver and, on occasions, this setting-up period was a 
limitation to the number of missiles that could be fired. 
As part of the W.R.E. automatic data processing 
system a magnetic tape recording of the receiver signal 
was made at a point in the receiver immediately before 
the frequency discriminator. Thus, the equipment 
required for a trial itself is simply a 465 Mc./s. receiver, 
frequency translation equipment to lower the sub- 
carrier frequency so that it can be recorded at con- 
venient tape speeds, and a tape recorder. By a 
comparatively simple modification it is possible to play 
the tape record back into the discriminator of the 
receiving equipment to obtain in subsequent time a 
photographic record of all or part of an actual firing, 
with an accuracy which is adequate for most purposes. 


3. Tracking Systems 

Where an immediate plot of the position of a 
aircraft or a missile is required two systems are avai. 
able. The first is a standard anti-aircraft type rada 
feeding its information through an analogue compute 


(Co-ordinate Converter CC.10) on to plotting table; ' 


and the other a direction finding system designed by 
R.R.E. which, after appropriate computation, gives , 
solution in Cartesian co-ordinates which can also be 
displayed on the plotting tables. 

The range of the tracking radar is limited, of 
course, but a simple transponder has been designed in 
W.R.E. and this is installed in aircraft (such as Jindivik) 
where sufficient space is available. Where space is 
restricted the direction finding system is used. This 
system operates on a wavelength of 6 cm. and a com. 
paratively simple CW oscillator is installed in the 
missile; the total space occupied is of the order of 


50 cubic inches, and the aerials used are of the slot type | 


which can be conveniently faired into the missile body. 
On the ground a network of stations has been installed, 
each separated by a distance of about 20 miles and 
extending for about 100 miles down Range. By com- 
bining the angles from pairs of these stations, reasonable 
cuts can be obtained over an area about 100 miles long 
by 50 miles wide. The ground stations consist of auto- 
follow aerials which have been developed from the basic 
No. 3 Mk. 7 radar mount, with a simple 6 cm. receiver; 
a nutating aerial feed is used, and the error signals 
derived from the receiver are used to lock the dish on to 
the target. 

The advantages of the 6 cm. missile tracking system 
(MTS) are that the missile installation is extremely 
simple and, as a CW signal is used, the bandwidths on 
the receivers can be reduced to a lower value than if 
pulsed signals were being received. A disadvantage is 
that at least two stations are required to obtain a 
solution, as-compared with a single radar station. 
However, when it is necessary to extend coverage of the 
radar system by installing further down-Range stations, 
this apparent disadvantage disappears. In operation, 
the main difficulty occurs in acquiring the missile— 
which may appear from below the horizon. In this 
case the receiving dish must be put on to the sector in 
which the missile is expected to appear, and the receiver 
must be pre-tuned to the frequency of the particular 
oscillator installed. 

For tracking purposes, then, we have two indepen- 
dent sources of data—one giving azimuth, elevation and 
range, and the other giving angular information only. 
Special arrangements have been made so that the 
computers and plotting tables use common equipment 4s 


far as possible; these provide a Cartesian solution from | 


the input of either system. The table plots are common 
to both systems and will, of course, display the 
Cartesian co-ordinates. In addition, an output can be 
taken from the tracking equipments, which enables us 
to slave-control aerial mounts on which telemetry of 
Doppler aerials may be mounted; and, with suitable 


parallax equipment, other instruments farther down | 


Range can be laid on to the missile with sufficient 


accuracy for acquisition. 
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BOSWELL 
PART V 
OPTICAL INSTRUMENTATION 


|, General 
As the number of essentially cloudless days at 


| Woomera is quite high, considerable effort has been 


put into recording missile flight by optical means. Most 
trials call for measurement of missile trajectory (i.e. 
position vs. time) and missile attitude (i.e. pitch, roll 
and yaw), and a brief description of the principal 
cameras employed at Woomera to make trajectory and 
attitude Measurements is now given. 


2. Kinetheodolites 

This is the general classification given to tracking 
instruments which take a series of photographs of a 
moving object and record on the edge of each frame the 
devation and azimuth of the optical axis at the instant 
of exposure. The first of these to be installed at 
Woomera were made by the German firm of Askania. 
Originally designed before the war for aircraft tracking, 
they proved somewhat slow and inaccurate for the more 
exacting missile trials requirements; nevertheless, they 
have given invaluable service and are still used for many 
short-range trials. The angular accuracy of the Askania 
is generally reckoned at one minute of arc for routine 
operation. For most missiles the sampling rate amounts 
to, say, 500 feet missile movement between exposures, 
and quite evidently is inadequate for many trials. 

In 1955 the Contraves Division of the Oerlikon Tool 
and Gauge Company of Zurich produced a_kine- 
theodolite with a servo-controlled mount, sampling 
rates up to 40 frames per second, and recording scales 
which can be read to six seconds of an are accuracy. 
The high angular accuracy is achieved largely by good 
mechanical design; a typical feature built in to the 
instrument is that the two operators, who are carried 
around with the instrument, are mounted quite inde- 
pendently of the optical section, thus avoiding 
distortion due to their weight. In the optical design the 
inertia of the 150 cm. lens system was considerably 
reduced by folding the optical path with a 
45 degree mirror so that part of the optical 
axis is collinear with the elevation axis. The 
scales follow the best theodolite design prac- 
tice, and the servo-controlled mount ensures 
sufficiently good tracking to stop the image of 
the missile during the exposure period. The 
high frame rate was achieved by employing a 
synchronous motor drive to the shutter and 
flm transport mechanism, which locks auto- 
matically to reference pulses transmitted from 
4 central station. Further, an entry is avail- 
able into the servo system so that magslip 
annular information from a radar nearby can 
be used to slave the kinetheodolite to the radar 


Figure 5. Skylark, from a Contraves Kinetheodolite. 


FiGurRE 4. Contraves Kinetheodolite. 


to assist target acquisition, and, for down-Range 
stations. a parallax computer has been supplied which 
allows putting-on remotely up to distances of 20 miles 
from the master station to an accuracy of about one 
degree (i.c. such that the missile will appear in the field 
of view of the tracking telescope). 

With careful levelling, 12-14 seconds of arc angular 
accuracy can be achieved in routine operation. 
Standard 35 mm. film is used, with a magazine capacity 
sufficient to give eight minutes running time at 
20 frames per second; exposures are of four milliseconds 
duration, and the field of view is one-quarter degree by 
one-half degree. As well as fulfilling the primary role 
of trajectory measurement, the Contraves can be used 
for attitude measurement where a missile image is large 
enough to permit measurement of apparent attitude. 


3. Performance Cameras 

The requirement in this case is to obtain maximum 
detail in the picture to allow qualitative assessment of 
missile performance. The missile image should also 
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be as large as possible for accurate measurement of 
apparent missile attitude, the sampling rate required 
varies from 50 per second to 300 per second, and 
tracking rates up to 12 degrees per second. The basic 
camera chosen for this purpose is the Vinten HS.300, 
which uses 35 mm. film in 400 ft. or 1,000 ft. magazines 
and operates at frame speeds up to 300 per second. 

There are conflicting factors in the choice of lens 
for a particular application in this field. Taking as 
fixed the size of the 35 mm. frame, the longer the focal 
length of the lens the better the resolution and the 
bigger the missile image; on the other hand, the longer 
the focal length the smaller the f-number in commer- 
cially available lenses and the smaller the field of view. 
Thus, a typical 80 in. focal length lens would have an 
aperture of fll and a field of view of 0°5 degrees by 
0-75 degrees. The aperture restricts the sampling rate 
to about 60 frames per second with panchromatic 
emulsions, and a tracking error (SD) of one-tenth 
degree would be required to produce a reasonable 
record. In general, the sampling rate can be accepted, 
but it was found necessary to design special motorised 
mounts to attain such tracking accuracy with average 
operators. The mount at present in use consists of a 
fire control radar mount with the camera fitted in place 
of the normal radar dish. The operator tracks the 
missile through binoculars and is carried around with 
the mount, his weight being supported on a circular 
bearing plate. The motion is rate aided and the 
operator controls the angular co-ordinates of the camera 
by means of a small pressure joystick. Normally 80 in. 
focal length lenses are used, but the tracking accuracy 
of an expert operator is sufficiently good to warrant the 
use of lenses up to 200 in. focal length. 

Cameras of higher frame rate (such as Fastax) are 
sometimes used at speeds of 1,000-2,000 frames per 
second for special work, with shorter focal length and 
larger aperture lenses. The radar mount is sufficiently 
robust to permit two or three optical equipments to be 
carried, and this is quite frequently done. 

The units so far described are the “work horses” of 
the Range, and the bulk of optical information is 
obtained by them: other techniques are now described. 


FiGureE 6. Performance camera mounted on radar aerial mount, 
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4. Ballistic Cameras 

In this type of camera the optic axis remains 
Stationary during the operative period, and multiple 
exposures are made on a photographic plate or large 
format film. Generally, a wide-angle lens of aboy 
40 degrees aperture is used to permit a reasonable pro. 
portion of the missile trajectory to be included, and 
since there is no camera movement while the missile 
passes through the field of view, high angular accuracies 
can be achieved—a few seconds of arc, in many cases, 

The method is not of universal application because 
special conditions are needed to obtain sufficient 
contrast between image and background, and this is not 
always convenient. The simplest arrangement is to 
carry out trials at night and arrange for the missile to 
emit light flashes, pyrotechnic or electronic, at pro- 
grammed times; alternatively, the missile may carry a 
flare, and the cameras can be fitted with shutters to ° 
produce timed breaks in the image trails which the flare 
produces on the camera record. For daytime work a 
manually-controlled tracking blind with narrow slit 
adjacent to the focal plane can be employed to follow 
the movement of the missile, thus avoiding excessive 
exposure of the plate to sky background. Alternatively, 
the moving object can be fitted with a high intensity 
light source which permits a number of short exposures 
of the light to be recorded with an aperture sufficiently 
small to reduce the background fogging. 

An application of this last technique has been used | 
in bombing trials at Woomera for the measurement of | 
aircraft position and velocity. Three cameras, seven 
miles apart, were sited along the bombing line, and 
from these posts photographs were taken of landing 
lamps in the aircraft trained to point at the cameras. 
The direction of flight of a bombing aircraft can be 
controlled accurately with the aid of ground radar, so 
the cross-range field of view required was therefore 
comparatively small. However, to cope with a wide 
variety of release positions and heights it was necessary 
to provide a large field of view along the bombing line, 
and two 60 in. focal lenses of wide angle were arranged 
with slightly overlapping fields to produce a 70 degrees 
field along this line. The 5} in. film used limited 
the cross field to five degrees, but the mechanical 
arrangement of the recording film allowed a magazine 
with format 10 in.x5 in. to be positioned at any 
chosen point in the focal plane to correspond with the 
aircraft release position. Eleven exposures were then 
taken during the release period, the film remaining 
stationary throughout, pressed against a_ reference 
graticule which was previously calibrated in terms of | 
elevation and azimuth by taking star exposures at 
known times. The large focal plane shutter, operating 
at four cycles per second, was independently mounted 
from the remainder of the camera assembly and, to 
avoid inaccuracies caused by temperature distortions, 
the whole unit was air conditioned and held to +one 
degree F. The system was capable of yielding p0st- 
tional accuracies of one foot at 60,000 ft. altitude, and 
exposures were timed to one millisecond accuracy. 
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5. Ribbon Frame Camera 

This, also, is a fixed camera and is used mainly to 
record the behaviour and performance of a missile on 
the launcher, as it leaves the launcher, and in its initial 
sages of flight. The conventional motion picture 
camera is not satisfactory for this purpose because:— 

(a) The size of the picture (1 in. x ? in.) results in 
a big reduction in scale if a reasonable 
proportion of the initial trajectory is to be 
recorded. 

(b) The angular shutter sweep across the film plane 
introduces a time gradient in exposure across 
the film. 

(c) To compute linear displacement, velocity and 
acceleration it is necessary to know the direc- 
tion of the optical axis of the lens. The exten- 
sion of this axis inside the camera must also 
pass through the centre cross of the graticule, 
as this is the basic origin for all film measure- 
ments. The cine camera does not normally 
provide these facilities. 

The Ribbon Frame Camera developed at W.R.E. 
uses 54 in. wide aero film which provides a scale gain 
of approximately five over the conventional 35 mm. 
cine camera. The film moves continuously over a film 
transport drum, which rotates at constant speed. 
Exposure is controlled by a slotted shutter drum 
rotating at constant speed but considerably faster than 
the film transport drum; the standard exposure is 100 
microseconds, and during this period the film movement 
is negligible. Further, as the shutter slots move at right 
angles to the direction of flight of the missile, there is 
no exposure time gradient along the anticipated flight 
path. The film record from this camera, then, consists 
of a series of strip or ribbon frames extending across 
five inches of the 54 in. width of film and varying in 
depth from one inch to 0-16 in. with the repetition rate. 

When the camera is suitably positioned, the angular 
displacement of a normal ground-to-air missile can be 
determined to an accuracy of better than one-half 
degree for the first 800 feet of flight; while, if two of 
these cameras are used as _ phototheodolites, the 
trajectory of the missile can be determined to an 
accuracy of better than three inches over this same 
distance. The instrument has proved very useful for 
the observation of relatively small high velocity missiles; 
but if a round is large enough to accommodate internal 
instrumentation, more accurate acceleration results can 
be obtained using telemetred accelerometers, or by 
transponder Doppler methods. 


6. Pod Cameras 

The problems of measuring vector miss distance and 
relative attitude of an anti-aircraft missile in relation to 
a target aircraft can be solved conveniently by photo- 
graphic triangulation methods if two camera groups, 
each with a spherical field of view, can be installed on 
the target aircraft with a reasonable base line between 
them (for instance, one at each wing tip). The spherical 
field of view is necessary, as we do not know the 
direction of approach of the missile. 

The first system used for this purpose utilised four 


cameras, each equipped with 142° solid angle field of 
view lenses and so arranged that their focal planes lay 
one on each surface of a tetrahedron; each group, in 
fact, was accommodated in a streamlined pod, one at 
each wing tip of Jindivik. The size of pod in our 
original Mk. | system was 10} in. diameter by 8 ft. 9 in. 
long, and weighed about 80 Ib. This installation 
provided an instrumentation system giving a running 
time of six seconds and taking 100 pictures per second 
during this period. A time scale was transmitted to the 
target aircraft from the Range Central Timing Unit and 
recorded on the film at each camera so that the recorded 
events could be related in time to data from other 
Range instrumentation. 

As pods of this size represent a performance penalty 
on small target aircraft such as Jindivik, means of 
reducing the drag, weight and also the cost were 
investigated. This showed that an attractive solution 
would be two cameras to each group, each camera being 
equipped with a lens with a field of view of over 180°. 
As no suitable lens were available, we undertook 
development of such a lens and produced a two- 
component optical system covering a 210° solid angle. 
This lens has an equivalent aperture of f8, and is 
capable of resolving 380 lines per radian in the centre 
of the field, dropping to about 120 lines per radian at 
the edge of the field. Its design is unorthodox inasmuch 
that equal angular increments in the object space are 
reproduced as equal linear displacements in the image 
plane; this arrangement, of course, gives radial distortion 
but is ideal for angular measurement, the purpose for 
which the lens is required. The camera pod system for 
Jindivik, based on this lens, has now been reduced in 
size to 54 in, diameter by about 8 ft. long, and in weight 
to 36 lb. Other applications of the wide-angle lens, of 
course, offer a fruitful field for speculation. 


Ficure 7. A recording lens developed at W.R.E. which gives a 
210° field of view so that two cameras can give spherical 
coverage. 
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PART VI—TARGET AIRCRAFT 


1. Choice of Target Type 


The other essential feature of an air-to-air or 
ground-to-air trial is a satisfactory target aircraft which 
can exercise the weapon over an adequate range of its 
performance and at the same time be operated reliably 
and economically. 


The problem of supplying the target aircraft can be 
tackled in two ways—an operational aircraft (usually 
of an obsolescent type) can be modified to fly unmanned 
or, alternatively, a pilotless aircraft can be designed ab 
initio. The former procedure lends itself to the provision 
of targets of representative size but limited in perform- 
ance to that of the available obsolescent aircraft. while 
the latter approach makes possible the provision of 
targets of representative performance with a sacrifice of 
size in the interests of economy. Both approaches have 
been exploited, and at the moment Firefly and Meteor 
“drones” are in operation in the United Kingdom and 
Jindiviks and Meteors are used in Australia. 


While it is now apparent that both methods are 
justified for the different roles, it is interesting to com- 
pare the ancillary advantages and disadvantages of the 
resulting targets. Jindivik, being small and designed 
to carry only control and instrumentation equipment, is 
easier to service and turn round than the Meteor, but 
this is counterbalanced by the fact that the Meteor may 
be manned for development exercises and for the large 
number of pre-firing trials which inevitably are required 
before a missile test programme gets under way. The 
apparent advantage of the Meteor in a manned role 
providing the means of developing and practising the 
“approach and landing” technique, has not proved to be 
a major factor, as very few Jindiviks have been lost in 
this way, but the presence and experience of the pilot 
of the Meteor has been invaluable when the perform- 
ance boundaries of the aircraft and control system 
require investigation. However, very promising results 
are now being achieved by using comprehensive missile- 
type telemetry to monitor the first pilotless flight into 
previously unexplored regions, and it is expected that 
this technique will eventually be regarded as the most 
efficient method. 


The performance of the small special target can most 


FiGuRE 8. Two-camera pod fitted to 
Meteor target aircraft. 


readily be varied to meet changing 
trials requirements and, therefore the 
type should have a longer useful life 
than the converted counterpart, which 
is more rigidly fixed to the original 
design performance by economic and 
practical considerations. Provided 
adequate power, space and other 
facilities have been provided in the 
basic design of the small target, it can 
be fitted with appropriate radiation or radar echo 
augmentation equipment to meet most of the needs of 
the missile flight development phase. 


2. Control Methods 


No major change has been made from the basic idea 
proved in the control of Queen Bee, which used an 
automatic pilot to stabilise the aircraft and a radio link 
to transmit simple ON-OFF commands to change the 
datum of the automatic pilot and so vary the flight path 
to a limited extent. 

Two variations of this idea have been tried—for 
Jindivik on the one hand, and Firefly and Meteor on 
the other. With Jindivik the controls are widely 
variable and, therefore, the judgment and skill of the 
operating crew and the accuracy of the telemetered 
information are important factors in the control loop. 
The Firefly and Meteor controls, however, are much 
closer to the “push button” concept, where the skill of 
the operator and, to some extent, the telemetry link are 
not important factors. The climb and descent of these 
latter aircraft are pre-set, several pre-set level speeds are 
available, and the landing is effected by the use of 
automatic sights. 

As in the two approaches to the choice of the ait- 
craft, interesting comparisons will become apparent 
from the continued use of these variations of the simple 
approach to control. In the beginning it was thought 
that the telemetry link would be a temporary require- 
ment only, to be discarded when the automatic pilot 
(aided by landing sights, and so on) could be relied 
upon for adequate control over the whole flight aided 
by the simplest commands only. With further experience 
in attempting to obtain the maximum performance in 
speed, altitude and turns from Jindivik and Meteor 
aircraft, it is apparent that it is more profitable to 
provide accurate information to the crew than to 
develop the automatic pilot to the stage where it can 
cope with an adequate range of contingencies. In future 
developments a better compromise between these two 
approaches could be achieved to gain the flexibility 
inherent in the one system and the finer control inherent 
in the other. 


3. Jindivik 
Jindivik is the outcome of Specification E7/48 which 
called for development of a high subsonic unmanned 
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aircraft capable of operating at altitudes up to 50,000 ft. 
for an hour at a time. The Government Aircraft 
Factories produced Jindivik to this Specification and 
W.R.E. undertook the responsibility for the electronic 
side of the aircraft (i.e. telemetry, control, automatic 
pilot, transponders and optical instrumentation). The 
aircraft is a low-wing monoplane powered by an 
Armstrong-Siddeley Viper ASV3 engine with a sup- 
pressed air intake; it, has a fixed rudder and takes off 
from a ground trolley which is directionally stabilised. 
It lands on a small retractable skid. 

The Radio Department of the Royal Aircraft 
Establishment was responsible for the original 
development of the radio control and telemetry equip- 
ment, and Instrument and Photographic Department, 
R.A.E. designed the original automatic pilot. These 
equipments were in a relatively early development stage 
when flight trials of Jindivik began, and since then many 
improvements and additions have been made to these 
items to suit the application in this aircraft. 

The aircraft is designed to fly in any one of five 
pre-set flight conditions, and through a relay box and 
automatic pilot the proper functions of control surfaces, 
flap setting, engine speed, and so on, are obtained for 
each of these conditions. Also, as mentioned previously, 
the major functions (attitude, engine speed and bank 
angle) are continuously variable through an adequate 
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range so that the crew can make variations to meet the 
requirements of a trial or unexpected contingencies. A 
barometrically-operated instrument is fitted to stabilise 
the altitude at any value on selection, and adequate 
radio control facilities are provided for the wide range 
of aids and instruments which are fitted at various times. 
and for various purposes associated with missile trials. 

The cockpit information and the track of the aircraft 
are presented to the crew on the ground, who are 
organised rather similarly to a bomber crew in that 
their functions are divided among a Skipper, a Naviga- 
tor and Engineers. Take-off is automatic, but landing 
is controlled visually by separate azimuth and elevation 
controllers in a fashion rather like that adopted on 
aircraft carriers, 

In the beginning a shepherd aircraft was used to 
monitor the behaviour of the aircraft and to take over 
control in the event of difficulty. This practice was 
abandoned as soon as the crew gained the necessary 
confidence in the reliability of the telemetry and the 
tracking information. 


4. Reliability 

Originally it was expected that the loss rate due to 
equipment failures and operating faults would be of the 
order of one in five, but steady progress has been made 
throughout the five years of operation of the Jindivik 
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Ficure 9. Target aircraft control centre. 
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type, with the result that an accident loss rate of one in 
eighteen was achieved during 1957. This improvement 
has been achieved mainly through great attention to 
detail; in fact, the aircraft is put through a more 
rigorous inspection than perhaps most manned aircraft. 

Records also show that a most marked improvement 
in the efficiency of the target service provided—and, to 
a lesser extent, in the loss rate—was achieved on the 
introduction of a permanent flight control centre with 
properly installed equipment, to replace the fleet of vans 
that grew up during the early development stages. The 
effort involved in scrapping the old facilities and starting 
anew on a firm engineering basis has been very 
adequately justified. 

The Viper 3 engine and associated fuel system was 
designed initially for 10 hours operation, but it was 
later found to be profitable to fit a longer-life fuel 
system and so take advantage of the 25 hours life 
which proved to be available from the engine. Similar 
reasoning has in fact been applied to the whole aircraft. 
The original concept that Jindivik could be a cheap 
expendable aircraft proved quite erroneous, as the 
procedure and effort necessary to provide a satisfactory 
target aircraft service for the missile teams has actually 
resulted in a 6 per cent loss rate. 

Current work is being carried out to extend the 
operational ceiling of Jindivik; it is hoped to achieve 
heights of the order of 60,000 ft. by provision of the 
higher-powered ASVI1 engine, extension of the wing 
span by six feet, and by replacement of the existing 
four-camera pod by the much smaller two-camera type. 


PART VII—DATA REDUCTION 


1. General 

Where ranges operate close to their customers’ head- 
quarters it is the general practice to provide the 
contractors with raw records only; the firms normally 
have quite adequate computing sections, and are thus 
able to reduce and analyse their own records. However, 
in Australia where contractors maintain comparatively 
small groups of personnel it was decided that the Trials 
Establishment would provide a centralised service for its 
customers, instead of each contractor setting up a 
Computing Section. When this problem was assessed 
about five years ago three facts became apparent : — 

(i) 90 per cent of the final data points were 
derived from telemetry and Doppler. 

(ii) Using simple hand methods, 70 per cent of the 
time was spent in obtaining figures from the 
records and only 30 per cent in later 
computation. 

(iii) Continuing with these methods would require 
an increase in computing staff by a factor of 6 
as the trials load increased. 

At that time practically all data were recorded on 
photographic film—a medium which is expensive, 
requires processing, cannot be re-used and must be read 
by eye. The fact that 90 per cent of the data points 
came from Doppler and/or telemetry, where the 
information is recorded in the form of a frequency 
variation, indicated that in the ultimate system we 
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should attempt to use magnetic tape and devise some 
form of automatic electronic converter to change this 
data into a form that could be processed through , 
very fast machine. As such a solution obviously would 
take some time to perfect, it was decided to introduce 
what were effectively labour-saving devices (i.e. sem). 
automatic film readers). Available from the USA, 
these displayed the film conveniently to the operator 
and provided her with a simple keyboard from which 
the information could be fed to a typewriter or reformed 
into a punched card record; the punched cards could 
then be processed through modified Hollerith equip. 
ment and the information, still on punched cards, could 
be fed into automatic plotting machines or tabulators. 
The introduction of this type of equipment enabled ys 
to cope with a work load three times as great without 
increasing existing staff. 


2. Doppler and Telemetry 

In parallel with the introduction of semi-automatic 
equipment, a fully automatic system for the processing 
of telemetry and Doppler data was begun. This system 
was put into operation about two ‘years ago to produce 
automatically graphic or tabular displays of either 
corrected results or analysed results from raw data 
recorded on magnetic tape at Woomera. However, film 
readers for optical instruments such as kinetheodolites 
were retained because, for these, fully automatic 
processing is uneconomical. 

The method used for Doppler and telemetry data is 
to record on the same magnetic tape the signals whose 


frequency represents the data and a timing wave of | 


constant frequency. On replay of the tape into the 
converter an electronic gate is opened for the duration 
of a fixed number of data cycles, and the number of 
cycles of the reference frequency (or multiple of it) 
passing through the gate is counted. The number 
obtained is evidently independent of the recording and 
replay speeds and, therefore, gives an accurate measure 
of the original data frequency. 


3. Telemetry 

With the 465 Mc./s. RAE Sub-Miniature Telemetry 
the 24 time-shared channels are sampled 40 to 120 times 
per second, and the number of available cycles in a 
sample is 36 to 12. Owing to switching transients, the 
first half of each sample is usually corrupt, so that only 
the latter half, which is selected by a tracking “strobe,” 
is measured. The 100 kc./s. timing wave is multiplied 
in frequency 32 times, so that for the fastest sampling 
rate at least 400 cycles pass through the gate; this 
number determines the reading accuracy of the system, 
which for noise-free samples is one-quarter per cefl. 
The counts are converted to binary digital numbers 
which are serially recorded on a second magnetic tapt 
in a form ready for direct insertion into the digital 
computer. Cycles of the timing wave are counted 
continuously, and true elapsed time at the end of each 
revolution of the sampling switch is recorded on the 
second tape during those intervals normally occupied 
by the synchronising channel. This elapsed time facilil 
permits the easy selection of the more interesting pat 
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of the record for detailed analysis, thus reducing the 
computing load; it also permits accurate time correla- 
tions with records from other instrumentation. 


4, Doppler 

Doppler data are measured automatically in the 
same way as telemetry data (i.e. by counting the number 
of timing wave cycles in a fixed number of Doppler 
cycles). This process:is inverse to the one normally 
ysed in reading Doppler film records, in which the 
number of whole cycles and fractions of a cycle are 
counted over a specified time interval, but its use makes 
the automatic measurement simpler, and there is no 
difficulty in programming the computer to convert the 
“equicycle” series into an “equitime” series. 

Unlike the telemetry signals, the Doppler signal is a 
continuous wave, and so no inter-channel time is avail- 
able during which the contents of the counter can be 
rad out. Two counters are therefore used—one 
recording the timing waves passing through the gate 
formed by a fixed number of Doppler cycles while the 
number previously recorded in the other counter is 
scanned. The two counters are then interchanged in a 
time much shorter than the smallest unit of measure- 
ment. With this arrangement it is unnecessary to 
provide specifically for an elapsed time code, because 
measurements are made continuously from the time 
reference wave and the computer itself determines 
elapsed time up to a given instant merely by summing 
all measured values up to that instant. 

It is clear that the larger the number of Doppler 
cycles over which a measurement is made, the coarser 
the computed missile acceleration becomes. The appro- 
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priate number (from one to twelve) of Doppler cycles to 
count can be gauged in advance by reference to a 
frequency-time plot of the Doppler signal, and the 
converter may then be set up to work with this number. 

The equipment includes a tracking filter of band- 
width about 15 c./s., which automatically follows the 
Doppler frequency and greatly improves the signal/ 
noise ratio of the raw signals—occupying a band from 
d.c. to more than 3 kc./s.—before the measurements 
are made. For very low Doppler frequencies—less 
than 5 c./s.—the equipment fails because the duration 
of a fixed number of cycles becomes so long that the 
counters overcarry. Such overcarries are coded and 
recorded on the second magnetic tape so that the 
computer can detect them and carry out an interpolation 
routine which spans the low frequency region. A number 
of tests have shown that machine interpolation is quite 
as good as that achieved manually. 


5. The Digital Computer 

The digital machine (Wredac) will accept either 
Magnetic or paper tape inputs at speeds matching its 
computing capacity. Secondary magnetic tapes from 
the telemetry and Doppler converters are fed into the 
machine, together with a paper tape carrying instruc- 
tions and calibration data. The computer output is 
recorded on a tertiary magnetic tape containing the 
corrected data on the desired time scale. This data is 
then available for further computation or display. The 
tabular display is printed by a Bull Rotary Printer at a 
rate of up to three lines, each of 92 characters, a second, 
which is fast enough for present purposes. 

Most of the tapes bear telemetry data and, although 
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Ficure 10. Telemetry data converter. 
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24 channels are used, only 16 of these normally carry 
missile data, the remainder being used for synchronisa- 
tion, calibrations, and so on. The tabulated record, 
then, consists of elapsed time followed by 16 channels, 
each sample of which is given to three decimal digits— 
which matches the converter accuracy. Running in 
parallel with the tabulator are four Mufax Printers 
(modified picture transmission units), each of which 
plots four of the tabulated channels. As Mufax is a 
wet process, scale markings are written on each of the 
data channels at the same time as the data points are 
plotted. 

For data not initially recorded on magnetic tape 
(kinetheodolite and other optical data) semi-automatic 
film readers with a punched paper tape output are used, 
The paper tapes may be fed to Wredac in the same way 
as magnetic tapes. 

The introduction of this system has increased the 
capacity of the computing staff to do work by a factor 
of 20, without any increase in staff—although 20 per 
cent are now technicians or engineers rather than mathe- 
maticians or computers. We have found that the 
introduction of semi-automatic methods using Hollerith 
cards reduced the time per point by one half, retaining 
punched cards and introducing the electronic computer 
reduced this again by one half, the time for the process- 
ing of 10,000 points being 20 hours. Finally, the 
introduction of magnetic tape and automatic electronic 
reading allows processing of 10,000 points in 35 
minutes. 

Nearly all the gain in this system—and, we suspect, 
in most other systems, including office automation—is 
not solely in the digital machine but to a large extent in 
the techniques which make possible the automatic 
conversion of data into a form and at a rate which fully 
load a digital machine and exploit its speed. 


PART VUI—RECOVERY 


1. General 


One other advantage of a land range is that recovery 
of a fired missile is usually possible; at Woomera, in 
fact, 99 per cent of all missiles fired have been 
recovered. Up to the present time our interest in 
recovery has not been from the point of view of re-use 
but rather as an aid to investigations. In this latter 
aspect material failures (which are extremely difficult 
to telemeter) can be determined by inspection or, later, 
by laboratory examination, and it is expected that after 
system faults in a round have been cleared up the 
residual failures will be of a material nature. Further, 
if one can provide some aid to recovery, such as para- 
chutes, it is possible to plan on using the information 
derived from recoverable test equipment installed in the 
round; this could be of various kinds (i.e. scratch 
recorders, cameras, tape recorders, temperature indicat- 
ing paints, and so on). The various recovery systems 
used at Woomera have been developed over a period of 
years and are described in the following sections. 


2. Free Impact 


In the early days of range operation no serioy 
attempt was made to change the impact velocity of 
missiles; they were allowed to follow the normal 
trajectory and impact at high velocity. Impact speeds 
were rarely less than from 600 to 700  ft./sec. 
with consequent heavy damage or, in many Cases, total 
destruction. Occasionally it was possible to determine 
the causes of failure in flight, but generally the task was 
a very difficult one necessitating procedures similar to 
those adopted by Aircraft Accident Investigation bodies, 
In all but a few isolated instances there was consider. 
able doubt whether failure had occurred in flight or on 
impact with the ground. 

Because of the ground composition at Woomera 
(varying from a form of red sand to clay), in a few cases 
it was almost impossible to locate the impact point, since 
penetration of the missile was complete; in fact, some 
sections were located at depths of more than 20 feet. 

As a result of the foregoing factors and the increase 
in free impact velocity of later missiles, this method was 
never used seriously for other than impact point 
location. 


3. The Simple Break-up Technique 


An obvious method of reducing impact velocity is to 
increase the drag of the missile after the useful portion 
of flight has been completed, and this is most easily 
achieved by breaking the round into two or more 
unstable sections; but more refined methods such as air 
brakes and parachutes have been used. 

In early development of the break-up technique an 
explosive charge was operated at an appropriate time, 
breaking the missile structure at the required point. 
Both portions of the missile then fell to earth in an 
unstable manner at very much reduced velocity— 
particularly the main carcase, since the drag / mass ratio 
—the parameter governing terminal velocity—was con- 
siderably increased. However, care is necessary in 
determining the position at which break-up will occur 
because unless the body tumbles in some manner a great 
reduction in striking velocity will not be obtained. 
Bodies can be unstable near zero incidence, but stabilise 
with increase of incidence and merely oscillate instead 
of tumbling in the classical fashion. Now, instead of a 
large explosive charge, a circumferential cordtex charge 
is fitted in a specially machined rig, and by this means a 
controlled cut can be obtained with very little damage 
to the structure. This aspect is very important if 
parachute recovery is used, since there must be no sharp 
edges formed which could damage the parachute during 
deployment. (Fig. 11 shows a missile which was 
recovered in the manner described above). 

Examination of the internal equipment of missiles 
recovered in this manner often yields information 
relating to failures during flight, although damage 
occurring at impact can again cause confusion. Many 
of the more robust components are undamaged and 
could be re-used; but, financially, there is little saving 
because of increased inspection necessary on_ such 
articles. 
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4, Parachute Recovery 


Provided sufficient volume is available at a con- 
venient position in a missile, a form of parachute 
recovery system can be employed, the size of parachute 
required for a particular missile being governed by 
factors such as the desired terminal velocity and 
parachute release speed. 

If the main object in recovering a missile is to 
examine the internal components and recover data 
recording equipment such as_ scratch recorders, 
cameras, tape recorders, and so on, an impact velocity 
of about 50 ft./sec. is acceptable, and velocities as high 
as 100 ft./sec. still give good results in particular cases. 
A system which has been operated successfully at 
Woomera uses a small drogue to reduce the missile 
speed from about 900-1,000 ft./sec. to approximately 
400 ft./sec., at which time the main parachute is 
deployed. By this means airborne balances, control 
fin actuators and telemetry systems can be recovered 
for re-use, but a small amount of re-work is often 
required on the structure to repair superficial damage 
due to the vehicle falling on its side at impact. If it 
is desired to reduce the impact velocity even further (to, 
say, 20-25 ft./sec.) to give complete recovery without 
re-work, a more complicated scheme is necessary, 
utilising a combination of air brakes high speed drogues 
and iarge final-stage parachutes or cluster of parachutes. 
The Bristol Project Bobbin falls into this class. 

Recovery of missiles—in particular, research test 
vehicles—by a complete parachute recovery system 
allows re-use of components in many cases. This can 
represent a considerable financial gain and = can 
materially help in reducing the time taken to prepare 
test vehicles of a series used for, say, aerodynamic 
investigations where there is very little change from 
vehicle to vehicle. But it should be emphasised that a 
parachute recovery system should not be an afterthought 
when designing a missile, since its location is very 
important in relation to efficient storage and satisfactory 
deployment. 


5. Airborne Recovery 

The most sophisticated method 
of recovering missiles would be 
to retrieve them in some fashion 
before they strike the earth and 
a scheme to achieve this was 
Proposed by H. C. Pritchard, 
modified by S. B. Jackson, and 
largely developed by W. T. S. 
Pearson. 

The scheme seeks to eliminate 
ground impact completely and to 
ensure that all decelerations in- 
Volved in the recovery process 
are small. Relatively little equip- 
ment is needed in the missile 
itself for this purpose. 


Figure 11. Test vehicle recovered 
by parachute. 


The main proposal, as applied to ground-to-air 
vehicles, visualises a missile carrying a small parachute 
or drogue capable of reducing the falling speed to about 
200 ft./sec. The parachute is attached to the end of 
about 100 ft. of steel cable. After the useful flight of 
the missile this parachute/cable system is deployed and 
the missile falls on a substantially vertical trajectory 
suspended from the parachute by the wire. The instant 
of firing of the missile is synchronised with the position 
of an intercepting aircraft flying a predetermined 
marshalling pattern; this synchronisation is arranged so 
that if all the relevant factors (wind, missile trajectory, 
aircraft speed, and so on) had been predicted correctly 
the aircraft, flying level at, say, 5,000 ft., would track 
in steadily and intercept the falling missile. In practice 
these factors are not predictable with sufficient accuracy 
for an interception on this basis alone—in particular, 
the missile may be considerably displaced from its 
intended position. The pilot is therefore provided with 
an interception sight for regulating the aircraft flight 
path as soon as the parachute has developed, and by 
this means he manoeuvres his aircraft to fly about 
150 ft. to one side of the falling missile. This sight is 
purely optical and therefore implies very little cloud 
cover between aircraft altitude and peak missile alti- 
tude; in addition, missile flares are necessary to ensure 
visibility. 

On the end of about 500 ft. of steel cable the aircraft 
tows a paravane, which is a sideways lifting device 
which tows behind and some 250 ft. to one side of the 
aircraft; the tow cable carries a grapnel at its extremity. 
The aircraft is positioned so that this cable crosses the 
trailing missile cable, which also carries inward facing 
grapnels at each end. 

Under impact shock loads the missile parachute and 
the paravane are jettisoned and the two cables slide over 
each other until the grapnels lock, leaving the missile 
hooked to the two cables. The aircraft cable is carried 


on a constant friction winch of the glider-snatching type 
and this pays out under a pre-set tension until the 
missile is brought to rest relative to the aircraft at a 
regulated deceleration. 


The dispensed cable plus the 
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original 500 ft. outboard are then winched in until the 
locked grapnels appear at the hatch; the missile grapnel 
is then secured by a clamp attached to the aircraft by 
a weak link with a breaking strain some four or five 
times the missile weight, and the tow cable grapnel is 
disengaged or cut clear. The missile is then on tow 
behind and below the aircraft on its 100 ft. cable. A 
proposal to winch the missile inboard was discarded, as 
it was considered unburnt fuel and explosives would 
constitute a hazard, and instability would be likely in 
the slipstream. 

The aircraft is next flown over a ground rig 
consisting of a wire cable system strung across a gully, 
where the pilot positions his aircraft at such a height 
that a cross wire engages the two cables just above an 
upward facing grapnel near the missile. The engagement 
then proceeds in a manner similar to a deck landing; 
the grapnel engages the cross wire which is attached to 
energy absorption gear on either side of the gully and, 
in extending this gear, the missile is decelerated and the 
weak link attachment to the aircraft is broken. The 
captured missile is finally brought to rest hanging in the 
gully, and can be lowered to the ground. 

A simpler proposal is being considered as an alterna- 
tive or interim measure. Again, as applied to ground- 
to-air missiles, an identical missile arrangement is called 
for except that the grapnel at the missile end of the 
100 ft. cable is omitted. Marshalling and interception 
are carried out as before, but the aircraft is not fitted 
with a winch or other energy absorption gear. Instead, 
a container under the tail of the aircraft carries any 
recovery gear (such as smoke markers, flotation gear, 
and so on) which it is desired to attach to the missile, 
plus a very large parachute or cluster of parachutes. On 
hooking the trailing cable of the missile, the shock wave 
in the paravane sweep cable breaks a weak link situated 
near to the aircraft; the sweep cable (now attached to 
the missile) falls clear and pulls with it the additional 
recovery gear and parachutes. By this means the missile 
ground impact speed can be reduced to an extremely 
small value, and any other devices required to facilitate 
recovery on the ground can be attached to the missile 
without any increase in the space penalty within the 
round itself. 

All development trials to date have been conducted 
with a Beaufighter, as this was the only aircraft available 
fitted with a winch. However, a Dakota is being 
modified to carry the standard Model 80 glider pick-up 
winch, and should be available for trials work early this 
year. This will enable missiles to be retained on tow 
behind the intercepting aircraft. (The capacity of the 
Beaufighter winch is not sufficient to allow this). 

Several attempts have been made to intercept 
missiles fired specifically for recovery purposes. Early 
failures were due to missile malfunction and paravane 
instability, but of the last three missiles fired two have 
been intercepted successfully, and one very near miss 
has been recorded. In both cases a small parachute was 
transferred from the aircraft to the missile. 

No more trials of this nature are planned until the 
Dakota is available. Then it is hoped to accomplish 
the complete recovery sequence of interception, reten- 
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Ficure 12. Airborne missile recovery. 


tion on tow, and transfer to ground rig. A dummy 
missile, towed from the runway behind an aircraft, has 
been successfully transferred to the ground rig, so that 
the only part of the recovery sequence not yet 
demonstrated is the retention of the missile on tow 
after interception. 

All trials so far have involved a simple parachute 


deployment sequence in the missile, and an elementary — 


aircraft marshalling scheme. The latter aspect requires 
further development in order that a much more flexible 
scheme can be applied to the aerial recovery of typical 
guided missiles. 
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Aircraft in Agriculture’ 


by 


E. A. GIBSON, O.B.E., A.M.1.C.E., F.R.Ae.S. 


(Formerly Director of Civil Aviation Administration, New Zealand) 


Introduction 

Aircraft have been used for agricultural purposes 
for at least thirty years. Probably the first country to 
use them to any extent in agriculture was the United 
States where there are now probably some 7,000 or 
more aircraft in more or less continuous employment 
on some aspect of agricultural aviation. 

Up to the present, although many countries, since 
the end of the Second World War, have employed 
aircraft on agricultural work, the total world employ- 
ment of aircraft on this activity has been small in 
comparison to that obtaining in the U.S.A. 

In all countries, including U.S.A., the prime use to 
which the aircraft have been put has been “crop 
dusting,” i.e. spraying crops with powders or liquids 
to control or eliminate pests, either insect or vegetable. 
The main secondary use has been on “pest control” 
which can be described as spraying liquids or powders 
to eliminate or control insect pests in areas where they 
breed. There are many other purposes to which the 
aircraft is put as a tool assisting in agriculture, but all 
of them have until recently been subsidiary in import- 
ance to that of “‘crop dusting.” As it was in New 
Zealand that the first major use of aircraft for entirely 
different agricultural purposes took place, it is appro- 
priate that N.Z. should produce a paper on the aspects 
of agricultural aviation there on which aircraft are 
mainly used. Aircraft in N.Z. are used primarily for 
large-scale transportation of heavy materials in bulk and 
their distribution or delivery to the points where they 
are required. This paper is an attempt to meet the 
suggestion that this type of work and the aircraft needed 
for it should be the subject of detailed examination and 
review. 


Brief History 


The main uses to which aircraft are put in N.Z. are 
firstly, the bulk distribution of fertilisers, known locally 
as “aerial topdressing,”” and secondly, the bulk delivery 
of such heavy materials as those required for fencing on 
hill country, known locally as “supply dropping.” It is 
the first activity which constitutes by far the major work 
for aircraft in agriculture. 

The development of “aerial topdressing” in New 
Zealand has taken place over a comparatively short and 
recent period, but the first ideas on the subject were put 
forward some years ago. In 1926, a Mr. John Lambert 
wrote to his Member of Parliament and suggested that 


1956, and has been revised and brought up to date. 
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as N.Z. had millions of acres of hill country needing 
topdressing that could never be undertaken by surface 
methods of distribution, aircraft might be employed for 
the purpose. This early suggestion was not received 
enthusiastically in official circles as the then Minister of 
Defence replied that: “You are informed that the 
suggestion is considered to be impracticable.” Mr. 
Lambert was obviously ahead of his time. 

It was not until 1938 that a Mr. A. Pritchard, a 
pilot employed by the Public Works Department, was 
successful in persuading his employers to permit him 
to carry out experiments with the sowing of lupin seeds 
on sand dune country in the north of Auckland. With 
the intervention of the war there was no further activity 
until 1943 when, as the result of a suggestion made by 
Mr. L. Daniell, a farmer of note in the hill country, 
the then Chief of the Air Staff, Air Vice-Marshal Sir 
Leonard M. Isitt, K.B.E., and the author of the present 
paper, were requested to examine the possibilities of 
using aircraft for the bulk transportation of fertiliser. 
In the report made to the Government it was stated that. 
subject to the solution of certain economic and tech- 
nical problems which would require a considerable 
amount of applied research work to be done to obtain 
satisfactory methods, the possibilities of developing the 
use of aircraft as an aid to agriculture in the way 
suggested appeared to be favourable. To Mr. Daniell 
must go a considerable portion of the credit for keeping 
the issue alive until after the termination of hostilities. 

In 1946, further experimental work was undertaken 
by Mr. Pritchard and during 1946-1947-1948 a full 
programme of applied research work was undertaken 
by the Soil Conservation and Rivers Control Council 
which established an Aviation Sub-committee for the 
purpose. This standing sub-committee comprised 
representatives of the following organisations: — 

Soil Conservation and Rivers Control Council 

Department of Agriculture 

Department of Scientific and Industrial Research 

Department of Lands 

Department of Works 

Royal New Zealand Air Force 

Civil Aviation Administration 

Fertiliser manufacturers 

Federated Farmers. 


This sub-committee, which still functions in an 
advisory capacity and now includes a representative of 
the agricultural aviation industry, immediately got down 
to a planned programme of applied research covering 
not only the ballistics of materials, the methods of 
obtaining a satisfactory distribution from the air, but 


*This paper was awarded the first Sir Henry Wigram Memorial 
| _ Bronze Medal of the New Zealand Division of the Society in 
j 
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TABLE | 


Year ending 3173.51 31.3:52 31:3:53 31.3.54 3153355 31.3.56 31.3:57 4 year 30.9.51, 
Hours flown 16,080 27,992 40,727 54.038 70,789 79,747 65,003 32,539 
Number of flights 241,200 448,710 649,908 831,181 1,079,269 1,155,310 948,218 455,903 
Weight lg tons 44,957 88,869 144,802 203,110 279.006 404,933 428,245 222,076 
Acres treated 428,737 802.212 1,376,118 1,929,499 2,783,802 3,853,169 3,945,586 2,080,446 
Square miles 670 1,253 2,150 3,014 4,350 6,021 6,165 3,251 
Number of operators 22 33 39 46 49 56 60 63 
Number of aircraft+ 62 83 158 


+The number of aircraft given is the actual total number in use and does not include about 100 reserve aircraft. 


AERIAL TOPDRESSING IN NEW ZEALAND 


200 230 303 262 236 


{This half of the year includes winter and work done in this period is usually less than 40 per cent of the total for a full year. 


also basic principles in the design of aircraft equipment 
and many other related matters.* 

In the years 1947, 1948 and 1949 a series of field 
trials was made to test the results of conclusions reached 
on a research and experimental basis. In this work 
the R.N.Z.A.F. played a predominant part and much 
credit must go to that organisation for solving some of 
the major technical problems. 

In August 1949, two public demonstrations of the 
technical progress so far achieved were given. In both 
demonstrations it was established that a fully satisfactory 
method of aerial distribution had been reached, but the 
cost of flying materials from established airfields made 
the work prohibitive, except for the small areas of hill 
country immediately adjacent to them. It was at this 
stage that the proposal to use small aircraft, which 
could fly from any small paddock near the area to be 
treated, was put forward. It immediately became 
apparent that, notwithstanding the very high cost per 
ton mile inherent in the use of such aircraft, provided 
that the aircraft were flown the minimum distance 
possible and used primarily as a lifting and spreading 
agency and not as a transportation tool, the cost of the 
service could be kept within acceptable limits. 

This, together with all other information which had 
so laboriously been acquired, was immediately placed 
at the disposal of potential operators and the industry 
as we know it today was under way. Table I* gives 
the growth which has taken place up to the end of the 
current fiscal year. 


To the spectator who sees a small aeroplane 
working on a tight schedule of some 2} minutes 
from take-off to take-off distributing fertiliser 


*It has been impossible to mention all the names of 
those who have made major contributions to investiga- 
tions and applied research, but in the work carried out 
by the R.N.Z.A.F, a seconded R.A.F. officer, Group 
Captain Sheen, played a noteworthy part. 


+In examining Table I it should be noted that the 
average utilisation is still in the vicinity of 300 hours 
per aircraft per annum although it is rising with the 
introduction of more suitable aircraft. It is, however, 
doubtful if any type of aircraft, due to the limitations 
of wind speed in which material can be spread satis- 
factorily, will average more than 600 hours in a year 
except in unusual circumstances. This, coupled with 
the years of an aircraft's life which appear to be 
inherent in this work, gives an aircraft at best an 
average working life of under 3.000 hours. 


FIGURE 1. 
capacity 


material over a farm, the operation appears to be 
simplicity itself, and there is little to show for the vast 
amount of research work which went into making the 
Operation as simple as it appears. However, when itis 
appreciated that a farmer will often require only certain 
paddocks of his farm to be treated and will require the 
treatment to be carried out up to three feet from his 
boundary, with a penalty if any treatment is given to 
the land over his boundary fence, the precise methods 
which have to be employed by the pilot can be appre 
ciated. Frequently one or two pence in cost per acre 
will decide which aerial contractor obtains a contract. 
To get down to such fine limits obviously requires an 
analysis of the cost of the elements in a given flight toa 
degree of precision entirely unknown in other forms of 
aviation. (See Appendices I, If and III). 


Once it became apparent that, for some years at 
least, small versatile aircraft with special characteristics 
would be needed, the next matter on which investigation 
was focused was that of a suitable aircraft. This 
investigation has produced some highly controversial 
issues. 


Aircraft Type Investigation 


Almost as soon as the light aircraft proposal had 
been launched it became apparent that the only aircraft 
at that time available, the DH-82, had serious deficien- 
cies, and that a search for a more suitable aircraft must 
be undertaken. 


Courtesy of Photocraft, New Zealand. 


Typical bulk loading equipment. The hopper 
is one ton and the equipment, which is all 
hydraulically operated, can handle up to 25 tons per hour. 
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Courtesy of Times-Age, Masterton, New Zealand. 


Ficure 2. Heavy aircraft loading equipment. The material is 

brought from a rail-side bulk depot by hopper truck and 

discharged by tipping into a hopper at the ground level end 

of the elevator. The load is weighed as it leaves the depot by 

weighbridge and loading time for a 34 to 5 ton load is less 
than one minute. 


The major shortcomings of the Tiger Moth were: — 

(a) It was underpowered for the work it had to do. 

(b) Resulting from (a) and the aeroplane’s geometry 
it had insufficient en route rate of climb in feet 
per minute. 

(c) Resulting from (a) and the aeroplane’s geometry 
it had insufficient angle of climb after unstick 
point and therefore was not good in clearing 
obstacles in the immediate vicinity of the take- 
off path. 

(d) It was relatively expensive to maintain. 

(e) It carried insufficient load. 

(f) It was too susceptible to crosswinds. 

(g) Its performance fell off with altitude to such 
an extent that over 3,000 ft. it was highly 
uneconomic. 

(h) It was uncomfortable to fly for prolonged 
periods. 

There were others of a minor nature. On the other 
hand, the Tiger Moth had certain advantages which it 
was desirable to retain in any new type developed. The 
more important of these features were: — 

(a) It was a relatively safe machine for the pilot in 

the event of a crash. 

(6) It had good fields of vision in all directions. 

(c) It was easy, although expensive, to maintain. 

(d) It was cheap to procure and adapt. 

The search for a suitable aircraft quickly revealed 
that there was no such thing and that if a satisfactory 
solution were to be found an aircraft must be specially 
designed for the purpose. 

Action was therefore taken as an interim measure 
to obtain the maximum result possible from the DH-82. 
An immediate investigation was undertaken to ascertain 
the severity of dynamic loadings experienced on agri- 
cultural work as compared with normal flying and, 
fortunately, this investigation coincided with a fairly 
extensive programme of Vg recordings which was at 
the time being carried out in commercial transport 
aircraft. 


After some six months of investigation it 
was apparent that the actual dynamic loads 
experienced in agricultural work were much 
lower than those normally experienced in other 
flying. This led to an examination of the 
structural design of the DH-82 airframe and 
re-examination of its performance character- 
istics with the standard DH propeller. To assist 
in this work the DH Company contributed all 
the data available on the design of the DH-82. 
At this stage considerable controversy arose as 
to the desirability of adopting the US/CAA 
Regulation No. 8, which more or less removes 
aircraft used on agricultural aviation from 
normal airworthiness procedures. As an alter- 
native to adopting the U.S. Regulations which 
would have presented all kinds of complications within 
the N.Z. regulatory and legal structure, it was decided 
that the same result could be achieved in a more 
orthodox and acceptable manner. From the recorded 
data of the actual dynamic loadings experienced on 
aerial topdressing work, as against those experienced 
in normal operation, it was decided that it was a 
reasonable calculated risk to derate the airframe 
strength requirement for aircraft on agricultural work 
from that required in normal operation.* This in turn 
had the effect of permitting the aircraft when engaged on 
agricultural work where no third party risk was present 
to have its maximum all-up-weight raised from 1,825 Ib. 
to 2,190 Ib. This extra load of course depended on the 
altitude and other circumstances being such that the 
aircraft could still meet the performance requirements. 
With this derating of the airframe strength as a whole 
the only strengthening modifications needed were to the 
undercarriage and through its attachments to the fuse- 
lage to some of the main fuselage members in the 
immediate vicinity of the undercarriage attachments. 
To cope with the performance requirement, as it was 
apparent that most of the aircraft’s operations would 
consist of flights of three minutes duration or less, that 
take-off and climb were the prime requirements, and 
that the cruising configuration could be ignored, a special 
metal propeller was modified to meet the requirement. 
This propeller, known as the A66938/X2, gave marked 
increase in those aspects of performance that were 
needed. As can be seen in Table II, provided that the 
penalty in extra stress on the motor is accepted, con- 
siderable improvement in certain aspects of performance 
can be achieved. 

In order that the operator could assess correctly 
what he could expect from this aircraft in any condition 
of load up to maximum agricultural overload of 2,190 
Ib. and with either type of propeller, the first aeroplane 


*In view of the probable short working life of aircraft in 

elapsed hours as indicated in footnote + page 424, no 
cognisance of metal fatigue due to repetitive aerodynamic 
loadings has been given to this possibility in derating the 
airframe strength. Experience has shown that fatigue is 
primarily associated with those parts of the airframe where 
high repetitive stressing results from the great number of 
landings and take-offs on rough airstrips, e.g. undercarriages 
and tail wheel assemblies and the portion of the airframe 
immediately associated with those components. 
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TABLE II TABLE III 
TESTS ON DH-82 WITH MODIFIED PROPELLER. 
STANDARD ALL-UP-WEIGHT ADOPTED FOR TEST 1,760 lb. A faba 
Wooden Special Metal Total area of New Zealand in acres 66,000,00) 
A i i 
Static throttle 2,000 210 lakes and riverbeds 
Maximum ——— climb 2,100 2,300 Total area of habitable land 46,000; 
Corrected distance to unstick 530 ft. 873) it. Total area of highly productive land pe 
to 1,000 ft. at Residue of undeveloped or partly improved land 42,000,000 
Cruising speed at 900 ft. at Total area of land occupied 44,000,000 
1,900 r.p.m. 78 m.p.h. 68 m.p.h. 
Cruising speed at 900 ft. at is approximately 20 to one, so that if by agricultural 
2,000 r.p.m. _ 87 mp.h. 76 m.p-h. aviation the carrying capacity of the 42,000,000 acres 


flight manual to be prepared in N.Z. was issued. This 
had sufficient performance graphs at intervals of 1,000 
ft. altitude to assess all factors for any given operation. 


Coincidental with these investigations many other 
matters were being studied which varied from design of 
jettison gear to agricultural aircraft performance require- 
ments which would cover all new aircraft which might 
be produced for this special work. This led to the issue 
of performance requirements for agricultural aircraft. 
These have been issued in the N.Z. performance require- 
ments for aeroplanes in categories ““F,” “‘G”’ and “‘H.” 

That the derated strength factors and means of 
increasing the aspects of performance important in aerial 
topdressing were reasonably sound in practice has been 
proved over the years of operation which have shown 
a steadily declining accident rate and one moreover 
which is extremely reasonable, having regard to the 
nature of the work involved.* The methods adopted 
were at the time highly controversial and all kinds of 
dire results were forecast. 

Having brought the examination of what could be 
done with a specific type of aircraft for this special work 
to this stage, it was necessary to examine what should be 
the predominating size of aircraft used and the number 
which would have to be employed. 

This investigation involved the whole question of 
land utilisation in N.Z. and some interesting information 
was brought to light. 

It is frequently loosely stated that New Zealand, 
comprising some 104,000 square miles and only 2-25 
million people, is shockingly under-populated. The 
figure of 22 persons per square mile is frequently quoted 
in proof of the lack of population. Actually these 
figures are totally misleading as the true position 
revealed in Table III will establish. 

It is of particular interest that the 4,000,000 acres 
supports two-thirds of the total number of farmers and 
farm employees. It is, therefore, apparent that any 
material improvement in productive capacity of the 
42,000,000 acres must have a major bearing on the 
number of farmers and farm employees which can be 
carried on the land. In turn it can be established that 
the ratio of farm workers to the rest of the community 


*Aircraft used on agricultural work and which have been 
operated at an agricultural overload are not permitted to 
carry passengers for hire or reward and may not be reclassified 
in the Public Air Transport Categories without a complete 
strip down, detailed examination and extensive overhaul. 


can be quadrupled it is tantamount to doubling the 
population of N.Z. It therefore became apparent very 
early in a search for a suitable aircraft that the type 
and number of aircraft required must be carefully 
designed to fit into the pattern of economic development 
practicable for the 42,000,000 acres of undeveloped or 
partly improved land. 


From investigations made by the Agriculture Depan- 
ment 39,000,000 acres of this land consisted of land that 
varied from hilly to high mountains and over very little 
of it was it practicable to carry loads other than by 
packhorse. Moreover, only some 13,000,000 acres 
could be regarded as land liable to respond to top. 
dressing sufficiently to justify the expenditure. The 
problem then resolved itself into developing the most 


efficient aircraft for the one particular purpose of getting _ 


fertilising material on to this 13,000,000 acres of respon- 
sive land. 

At first sight the problem appeared insuperable. 
The country involved lay generally between 1,000 and 
3,000 ft. above sea level and was so rough and broken 
that in many places it was difficult to walk over and in 


some areas impossible even to get a packhorse over it. © 


In very little of it did it appear practicable to obtain 
landing grounds. 

However, tackling the areas where the construction 
of landing grounds appeared to be a possibility, the 
operators moved in with their Tiger Moths while the 
committee concentrated its investigations on the largest 
aircraft which could haul freight at a minimum cost per 
ton mile. 
optimum economic radius of action for any aircraft 
beyond which surface transport, plus a minimum aif 
lift for purposes of distribution, would beat any cost 
which could be established by a large aircraft which of 
necessity must operate from a fixed base. At this stage, 
to see just what role was available for the larger types 
of aircraft, two of the most broken and rugged counties 
were chosen to see if it would not be best to cover the 
farms in these counties by operating from a regular 
aerodrome (i.e. fixed base operation). When the investt- 
gating department reported to the committee that 
already there had been established many light aircraft 
airstrips and that no portion of either county was mor 
than 2} miles from an airstrip, further consideration of 
the large aircraft was dropped in favour of an aircraft 
which could operate most economically from a stip 
alongside the area to be treated. 


It soon became apparent that there was an — 
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At this stage the over-iiding need appeared to be 
for an aircraft of undetermined capacity which could 
and and take-off in a restricted space, had a good climb 


performance and was easy to maintain. 


The D.H. 


Beaver seemed the ideal aircraft, but further experience 
showed that it was: — 


(a) too costly in capital outlay; 


(b) 


too big for the average sized job offering, 
thereby entailing an abnormal proportion of 
time shifting “‘base” as against time spent in 
“spreading.” 


It was obvious that ideal as was the Beaver in many 
respects it was larger than desirable to get down to rock 
bottom costs. 

At this stage the position had been reached where 
the following facts were clear: — 


(a) 


(6) 


(c) 


(d) 
(e) 


The DH-82 airstrip requirement was generally 
the maximum which could be obtained and all 
aircraft would have to be capable of operation 
from such airstrips. 

The DH-82 was for most of the work offering 
too small and the DH Beaver was too big. 
Something in between these sizes was the most 
suitable. 


High initial rate of climb and particularly angle 
of climb after short take-off was a prime 
requirement. 

Ability to operate in crosswinds up to 20 m.p.h. 
was essential. 

Where the pilot was carried between the engine 
and the load a specially strengthened cockpit 
to make the cockpit ‘‘crashworthy’’ was most 
desirable. 


It was now clear that no further progress could be 
made until a detailed study of field requirements, as they 
had by this time become established, had been made. 


For this purpose a special investigating team was 
set up consisting of three aeronautical design engineers 


and an experienced test pilot. 


After three months’ 


study in the field this team made the recommendation 
that for 90 per cent of the work an aircraft was required 


(a) 
(b) 


(h) 


which: — 


could carry at normal all-up-weight 1,120 Ib. 
payload; 

take-off at sea level 15°C in 600 ft. at an all- 
up-weight of not more than 3,500 Ib.:; 

land in 400 ft.; 

Operate from strips up to 3,000 ft. altitude 
without load penalty; 

was exceptionally strong structurally and had 
“crashworthy” features for pilot protection 

incorporated as an integral part of the aircraft 

design; 

could climb after take-off at maximum all-up- 
weight at an angle of not less than 8 per cent 
at sea level 15°C; 

was cheap to maintain; 

was low in first cost. 


Attention was now focused on a single purpose 
aircraft which could carry about 1,200 Ib. payload at 
normal category all-up-weight and, with permissible 
agricultural over-load, could operate satisfactorily from 
any strip between sea level and 3,500 ft. altitude. This 
obviously required a power plant in the 200-250 h.p. 
range and as the Gipsy Queen 30 was readily available 
a design study was undertaken to establish if a satis- 
factory aircraft for this single purpose could be built 
around this engine. 

The results of this study, which were published and 
circulated to all manufacturers likely to be interested 
during 1950, accepted as a principle that the aircraft 
must be of such simple construction that it could be 
made in N.Z. on the “shadow factory” principle, and 
could be easily maintained or repaired in the average 
operator’s base workshop. One major requirement was 
that new aircraft must be available “fly away” from the 
N.Z. aerodrome of delivery for a price not exceeding 
£N.Z.2 per Ib. gross weight. 


The design study showed that it was practicable to 
produce the aircraft within the cost quoted and as a 
result of this study and with the approval of the Aviation 
Industry Association of N.Z. (Inc.) the following general 
specification was circulated to all manufacturers likely 
to be interested. 


GENERAL REQUIREMENTS FOR AN 
AGRICULTURAL AIRCRAFT 


The following general requirements relate to the design 

of an aircraft for topdressing in New Zealand. 

Specifications are usually more detailed, but in this case 

a broad scope has purposely been given to the require- 
ments as operators are not fully agreed on all aspects and 
quite a range of aircraft could prove suitable. 

The ideal agricultural aircraft should meet the follow- 

ing general requirements : — 

1. Ability to operate from small airstrips in rough 
hilly country. 

2. Ability to take-off and land with a crosswind 
component of 15 m.p.h. 

3. Take-off distance at full load to a height of 20 ft. 
at 3,000 ft. altitude of not more than 1,000 ft. 

4. Initial rate of climb of 1,000 ft./min. at sea level 
with full load. 

5. Economic cruising speed of not less than 110 
m.p.h. at sea level. 

6. Hopper load of at least 1,000 Ib. in the normal 
category. 

7. Aircraft gross weight not to exceed 3,000-4,000 Ib. 

8. Stability and good controllability, especially at 
low speed in tight turns. 

9. Good ground handling qualities. 
brakes are essential. 

10. Low pressure tyres for use on soft ground. 

11. Unrestricted visibility forwards, laterally and 
downwards at all times. 

12. Easy operation and convenience of the controls to 
enable the pilot to perform other duties such as 
operation of the hopper doors, emergency jetti- 
soning of hopper load, and so on. 

13. Loading of the hopper to be quick and accurate. 
(At present on this type of operation the time from 
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PERCENTAGE OF AIRCRAFT OF GIVEN CAPACITY 


$9 


REQUIRED TO SUIT CONTRACTS AVAILABLE 


14. 


16. 


ay; 


40 
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Ficure 3. Aircraft payload capacity in tons. 


touch down to unstick is in the region of 60 
seconds and the engine is not stopped.) 

The fuselage, and particularly the cockpit, should 
be sealed to prevent dust entering during and after 
loading. 

The flow of falling material should be directed 
away from the rear of the aircraft. 

High degree of safety for the pilot in the event 
of a crash. The pilot should preferably be aft of 
both the engine and the hopper. 

Additional seating for one to three passengers 
(loader crew and spare pilot) when the aircraft is 
flying to and from the field of operations. 


18. All parts resistant to corrosive action of super. 
phosphate, lime and other agricultural materials, 

19. Rugged construction, particularly in the landing 
gear, to permit continuous operation from rough 
take-off strips. 

20. Simple construction to permit easy repair by semi- 
skilled labour. (Operators’ opinions differ on the 
merits of all-metal stressed skin versus braced tube, 
fabric covered type of construction.) 

21. Complicated mechanisms whose breakdown will 
render the aircraft unserviceable should be avoided 
if possible. 

22. Low maintenance costs. 
ease of inspection.) 

23. Low overall operating costs. (Note that the over- 
all rate of distribution of agricultural material 
(tons distributed per day) is more important than 
low fuel consumption.) 


At this stage of development of the industry it was 


(Good accessibility and 


estimated that a fleet of some 400 aircraft averaging ° 


half-ton payload capacity would be permanently 
required for aerial topdressing work alone. It was also 
estimated that the fleet of aircraft used on topdressing 
would reach this number towards the end of 1956. The 


design study also showed that, due to the peculiarities | 


of farm economics, the average sized contract required 
aircraft of certain payload capacity to fit economically 
into the pattern of work available. To obtain lowest 
distribution costs the size of contracts dictated that 
aircraft used should have payload capacities roughly in 
the order shown in Fig. 3. 

The G.A. of the type of aircraft envisaged in the 
design study is shown in Fig. 4. 

It was felt that a tubular airframe with wooden spars 
with conventional ribbing and fabric cover would, in the 
light of experience at the time of 
the design study, best meet the 


requirement. A_ conventional 

tail wheel layout was also 
adopted. 

Figure 4. New Zealand CAA. 


design study 30th November 1951. 
Proposed agricultural aircraft. 


Pilot protection—cockpit structure 

stressed to withstand inertia loads of 

up to 25g. 

Estimated performance at 
maximum A.U.W. 


SOME OF FEET 


3,450 Ib. 


Maximum continuous cruise 
at sea level 138 m.p.h. 


Weak mixture cruise at sea 


level at 60 per cent power 


110 m.p.h. 
Maximum rate of climb at ; 
sea level 860 ft./min. 


Climb gradient at sea level 
11-5 per cent. 
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That the design study was not too far away from 
the ultimate requirement has been demonstrated by the 
fact that at least four firms are now building, or have 
completed, prototypes which in general conform to the 
findings of the design study. All these aircraft are using 
power plants in the 200-260 h.p. range. 

At the time the results of the design study were 
released, no manufacturer anywhere displayed the 
slightest interest in the proposal to build a special aero- 
plane for New Zealand’s requirements until a local 
N.Z. firm took the matter a stage farther. 

This firm took over the design study from the point 
where the C.A.A. had left it and endeavoured to find 
an overseas firm to produce a prototype which would 
lead to the production of a suitable aircraft for manu- 
facture in N.Z. At first this effort met with no success, 
but in mid-1953 this N.Z. firm was successful in 
interesting an Overseas manufacturer in producing a 
prototype aircraft of the general size and characteristics 
required, but in many respects drastically altered from 
the N.Z. concept in detail. This new proposal, while 
conforming to the N.Z. requirements for size, payload, 
performance, and so on, envisaged all-metal construction 
and a tricycle undercart. The proposals were placed 
before a meeting of operators in October 1953 and 
received lukewarm support. 

By this time several different types of aircraft* in 
the range between quarter-ton and one-ton capacity were 
being introduced into service to tackle those aspects of 
the work where the DH-82 was not capable of getting 
down to basic costs. All these aircraft were originally 
designed for other purposes and all suffered from a 
variety of shortcomings undesirable in the operation 
involved. The worst and almost universal feature was 
the complete absence of any special precautions or 
strengthening to safeguard the pilot in the event of a 
crash. That fears in respect to lack of “‘crashworthi- 
ness” in cabin aircraft may have been borne out by 
results is indicated in the higher ratio of deaths and 
injuries since these aircraft have been in service when 
compared with the accidents when only DH-82s were in 
service. These are shown in Table IV. 

It should be appreciated that of the 236 aircraft in 
use as at 30th September 1957 most of 200 were types 
introduced within the past four years, but of these only 
some 50 were aircraft in which special protection for 
the pilot was provided by way of a roomy and specially 
strengthened cockpit. In aircraft so strengthened there 
have been only two fatalities. One of these resulted 
from a fire in the air caused by a defective auxiliary 
power unit in spraying work, the other occurred in an 
accident in which a wing was cut off by impact with a 
tree resulting in the cockpit crashing inverted on to a 
small tree stump and fracturing the pilot’s skull. There 


*The types of aircraft actually in current use at 30th September 
1957 were: 


DC-3 1 Beaver 4 Piper 77 
Lodestar 2 Cessna 51 Auster (various) 14 
F.U.24 52 Percival 1 Auster Agricola 2 
DH-82 32 


Total aircraft in use 236. 


TABLE IV 


ACCIDENTS IN NEW ZEALAND AGRICULTURAL AVIATION 


+ year 


Year ending 31.3.55  31.3.56 31.3.57  30.9.57 
DH-82s 54 41* 24* 4* 
Others 12 31 26 15 
fotal agricultural 

accidents 66 72 50 19 
Fatal in DH-82s 1 1 
Fatal in others 2 3 2 
Total agricultural 


fatalities 2 4 5 2 


*Most of the DH-82 fleet have been retired during these years 
and either placed in reserve storage or transferred to other 
work. 


have been no fatalities and almost complete absence of 
injuries in the total number of crashes of specially 
strengthened and roomy cockpits. The statistical infor- 
mation now available gives added emphasis to the case 
for specially designed, rather than converted, aircraft for 
agricultural aviation. 


From the end of 1953 and during the first three 
months of 1954 three special designs of aircraft solely 
for aerial topdressing in N.Z. were started. One of 
these was the N.Z. venture known as the FU-24, the 
others being undertaken by Auster Aircraft Ltd. in the 
U.K. and Edgar Percival Aircraft Ltd. 


Of these the FU-24 was the first to be put into service 
and a brief description of this aircraft might be of 
interest. 


The major feature of this aircraft which was the 
cause of considerable doubt was its all-metal con- 
struction. It was felt that any damage would involve 
expensive factory repairs, whereas what was needed was 


- an aircraft which could readily be repaired in the field 


with no more equipment than would ordinarily be found 
in the average small hangar workshop. It was also 
felt that any complexity in double curvature parts or in 
extra strengthening by way of patches or gussets at 
points of maximum stress, would make such an aircraft 
unacceptable. The designer claims that he has fulfilled 
all these requirements and more. Whether this proves 
to be the case or not only time and experience will 
establish. The facts are that the airframe is at present 
being manufactured almost in its entirety in N.Z. and 
only the minimum of work is now being done to 
material before importation. The exception to this is, 
of course, special castings and machinings. Some of 
this work will shortly also be done entirely in N.Z., 
while most of the castings will continue to be manu- 
factured overseas until the necessary resources are built 
in N.Z. The aircraft is being produced in N.Z. with 
a minimum of jigs and very little tooling, and the 
experience on repair work up to the present time 
appears to bear out, in large degree, the designer’s 
claims. 


= | == 
als, 
ing 
| 

mi- 
the 
ibe, 
will 
ded 
and 
sia} 
vas 
ing 
atly 
iso 
ing 
The 
ties 
red 
ally 
vest 
hat 
in 
the 
the 
> of 
the 
nal 

A.A. 
951. 
is of 
(Ib. 
.p-h. 
cent. 


430 VOL. 62 


It should be superfluous to point out that any aircraft 
which is intended to be used in remote and inaccessible 
areas should be of the simplest possible construction, 
should be devoid as far as possible of awkward features 
such as special light alloy castings in critical places 
liable to damage and similarly, should not in such places 
embody metals which require involved processing such 
as special heat treatment. 


It must be stressed that in many remote localities the 
only means of access is by air and unless it is practicable 
to fly in any materials needed for repair and do the 
repair on the spot, quite a small defect can involve 
the total loss of an aircraft. 


This feature is so important to the operator that it 
is practically impossible for a designer many thousands 
of miles away to visualise the conditions with which an 
operator in remote localities has to contend. The 
designer quite naturally thinks in terms of materials and 
processes which are readily available to him in the 
country of manufacture and not in terms of the problems 
confronting the licensed maintenance engineer where 
the aircraft has to be used. 


This point is so important and has such a bearing 
on the acceptability of aircraft designed and built in 
other countries that it is appropriate to quote the words 
of a leading N.Z. operator at a recent gathering: — 

“Tt is my Opinion that we will never have an aircraft 
of the type we require until we build aircraft for 
agricultural work in this country. 

“The designer overseas is mentally incapable of 
thinking in our language because he has no knowledge 
of our working conditions. It is only on rare occasions 
that a designer visits this country to find out what we 
want and when one does he spends more time in calling 
on the right people in Government and giving cocktail 
parties than he does with the operator in the field. 


Even when he does pay a visit to some harassed 
operator, he usually calls for morning tea and leave 
convinced he has obtained all the answers in five 
minutes that we have been seeking for five years, A; 
for the ‘ten percenters’ who seek an easy rake off by 
selling aircraft, do not even carry a nut and bolt ip 
stock, and hold us up for months cabling overseas for 
the simplest spare, the sooner they are eliminated from 
the local picture the better. 


“What the industry needs is a locally designed and 
built aircraft which will not only incorporate so far as 
practicable locally available materials, but also eliminate 
as far as possible aeronautical materials where they are 
not really needed. 


“Why should hoppers be made of duralumin when 
galvanised iron is stronger on a weight for strength 
basis, and is but a fraction of the cost? Why cannot 
mild steel fittings, which can be knocked out ona 
blacksmith’s anvil, be used in many places with no 
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increase in weight, instead of expensive light alloys? \ 


And while we are on this subject there is the question 
of the cost of spares. In many cases the cost of spares 
for aircraft is quite fantastic. Cases can be quoted 
where an item as a spare costs up to 1,600 per cent of 
its cost in the original aeroplane. Why should a car 
battery of identical make to the one used in my aircraft 
cost £9, while if I buy it from the local aircraft agen 
it costs me £27? Why should a spare brake cylinder, 


which incidentally is made by General Motors, cost 


FiGureE 5. 
All-up weight (semi-acrobatic) 850 Ib. 
Wing area 115°5 sq. ft. 
Maximum speed at sea level 108 m.p.h 
Cruise speed at sea level 90-95 m.p.h. 
Stalling speed C.A.S. 42 mph. 
Initial rate of climb 900 ft. / min. 
Initial gradient of climb 14 per cent. 
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me over £60 from the aircraft agent when I can get the 

identical item for £11 from my car dealer? 

“Surely the sooner we build aircraft here in this 
country the sooner will we put a stop to these untenable 
practices.” 

The foregoing extract gives potently many of the 
difficulties inherent in attempting to design an aircraft 
without accurate and complete knowledge as to how it 
is to be used. 

All that can be said is this— the agricultural aircraft 
will soon be on a buyer’s market and the old principle 
that “the customer is always right” will gradually have 
its way. 

To show what can be done along these lines a local 
firm has designed and built a_ half-scale prototype 
embodying these principles. The designer is a com- 
petent engineer and test pilot. The local builder is a 
little firm convinced that the agricultural aircraft which 
is needed must embody the principles already mentioned. 

The aircraft, which is shown in Fig. 5, was built 
in a “backyard” workshop with no more tools than are 
available in the average small maintenance shop. The 
jigs consisted of a few simple plywood and structural 
steel frames. The aircraft is perfectly conventional, 
but does incorporate wherever possible the simplest and 
cheapest readily available commercial materials. 

While it is as yet too soon to forecast the role 
which these three new types of aircraft will fill, it is 
already apparent that they will have a field of application 
much wider than originally anticipated. 

At the present time upwards of 1,000,000 tons of 
superphosphate are produced annually and the average 
annual increase in production would appear to be of 
the order of 5 per cent. Of this amount it appears 
probable that the present ratio of aerial distribution to 
surface distribution will stabilise at about 40 per cent. 


The rate of growth of application of superphosphate 
by air is approximately 25 per cent per annum, and 
aerial distribution was expected to reach 440,000 tons 
by the end of March 1957. It is thought, however, that 
after the figure of 400,000 tons is reached the annual 
increment of growth of spreading by air will tend to 
drop until at about 500,000 tons per annum the 
increase will approximate the overall increase in 
manufacturing capacity of 5 per cent. 

It is, however, in the field of agricultural lime distri- 
bution that these newer types of aircraft are opening up 
a much wider avenue of employment for aircraft than 
was hitherto thought possible. At present some 1} 
million tons of lime are produced annually. Again the 
increment of growth of use of this material appears to 
be about 5 per cent per annum. With the new cost 
structure introduced with these new types of aircraft it 
appears not improbable that at least 20 per cent of this 
material will be applied by air. 

The prospects for aerial distribution immediately 
ahead are therefore approximately as follows: — 


Superphosphate annually by air 400,000 tons 
Lime annually by air 300,000 tons 
700,000 tons 


. Courtesy of E. T. Young. 
Ficure 6. A D.H. Beaver on supply dropping operations. 


Courtesy of E. T. Young. 
Ficure 7. Typical fencing supplies dropped by air. 


Courtesy of E. T. Young. 
Ficure 8. Fencing materials being attached underneath a wing. 
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As at 30th September 1957 the sowing of lime from the 
air was just reaching a rate approximating 50,000 tons 
or more for a full year. 

In terms of aircraft required for this work, if present 
experience can be relied on, it requires roughly 60 half- 
ton capacity aircraft for every 100,000 tons distributed 
annually so that the task of 700,000 tons will require 
some 420 aircraft to deal with it. With a replacement 
ratio to cover normal retirements and crashes of at 
least one in 3, this means that some 140 new aircraft 
or their equivalent in components will ultimately be 
needed every year. 

With this picture in mind it is now appropriate that 
we examine other aspects of agricultural aviation. 


Supply Dropping 

The original work in this category of agricultural 
aviation arose from the need to supply pest destruction 
parties in the back country with provisions, supplies 
and ammunition. It is not generally realised that the 
introduced pests such as Moose, Wapiti, Red Deer, 
Thar, Chamois, Goats and Opossums are as big a 
menace to N.Z.’s agricultural future as the rabbit is to 
Australia’s. Many skilled hunters who are permanently 
employed solely on slaughtering these pests in an 
endeavour to reduce their number have to be maintained 
in the remote hinterland of mountains, lakes and 
glaciers. Much of this country is so rough and broken 
that pest destruction parties could not be maintained at 
work were it not for aerial supply methods, as surface 
transport in some areas is so difficult that a man cannot 
pack on his back sufficient food for more than one 
or two days’ work. This aspect of aerial supply work 
will go on so long as this work is continued which, in 
spite of the tens of thousands of animals killed yearly, 
gives every indication of being a permanent feature of 
N.Z.’s aviation work. 

From this work, which became established in the 
early post-war years, arose a demand for better living 
accommodation for men working under primitive con- 
ditions which could at times involve serious hardship. 
It was but a step from delivering supplies and 
ammunition by air to the aerial delivery and dropping 
of mountain huts and every year sees more of this type 
of accommodation delivered into the remotest mountain 
fastnesses. 


It was therefore only a natural development, when 
as the result of all the additional grass grown by the 
extension of aerial fertilising of hill country, for there to 
be created a demand for more intensive subdivision to 
enable grazing to be controlled. 

Assuming the average hill country paddock to be 
some 500 acres and the reduced area necessary for 
controlling stock on the treated land to be some 50 
acres, then an immediate demand for about 150 per cent 
increase in established fences can be anticipated. 

While it might be an interesting mental exercise to 
calculate the almost astronomical number of miles of 
new fencing involved, the practical limits are set by the 
finance and labour available to do the work. With 
fencing costing in excess of £800 per mile in place the 
prime limiting factor is the amount of skilled labour 
available for erection. It has been stated that about 
12,000 miles per annum is all that can possibly be 
undertaken and even this amount could only be achieved 
if aviation could be relied on to deliver materials where 
and when they are required. Even this amount of work 
represents an annual expenditure of £9,600,000, of 
which £40 per mile of fence or £480,000 would be 
available for aerial transportation. Put another way, 
providing aerial transportation can be organised at an 
acceptable cost, the potential tonnage available annually 
is some 60,000 tons and the amount of money available 
to pay for it is nearly £500,000. 


If it be accepted that with the aerial distribution of 


lime and fertilisers the average price will be about £2 
per ton, then the 700,000 tons forecasted will provide 
an income for aerial applicators of £1,400,000, and the 
size of the task ahead in airborne fencing can be as 
large as one-third of the fertiliser task. In other words, 
to the fleet of aircraft required for topdressing an 
additional fleet of possibly 120 aircraft will be required 
solely for supply dropping. As at 30th September 
1957, because-the introduction of new aircraft was more 
rapid than the farmer’s ability to finance an expansion 
in agricultural aviation, aircraft utilisation has remained 
at under an average of 276 hours per annum. This 
utilisation is so uneconomic that costs have remained at 
over £4 per ton and this high cost is, in turn, retarding 
expansion of the industry. The present gross income 
of agricultural aviation exceeds £2,500,000 annually. 

Realising the growing importance of finding a 
solution to this problem of 
aerial fencing a special research 
and experimental team was 
established in 1953. 

This team was required to 
recommend the best aircraft, 
means of delivery, and types of 
fencing materials, for fencing 
the hill country where aerial 
topdressing had created a sub- 
divisional and stock control 
problem. The work of this team 
was concluded early this yea! 


Ficure 9. A Lodestar being loaded 
with fertiliser. 
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and a similar, although more modest, boom in the 
use of the type of aircraft which so far alone has 
proved to be suitable is now under way. The aircraft 
chosen for this work by the investigating team was the 
DH. Beaver. The number of these aircraft, which it 
is anticipated will be continuously employed on_ this 
work initially, is possibly 20. As will be seen from 
Figs. 6, 7 and 8, this work can only be done from low 
altitude, particularly as the economics and complexities 
of using parachutes are such that free dropping has been 
found to be the only solution acceptable. 


Other Aspects of Agricultural Aviation 

It would not be proper to close this review without 
reference to other forms of agricultural aviation. The 
actual development in this work is shown in Appendix I. 

The fact that the rabbit pest has been brought com- 
pletely under control in N.Z.—-very largely as the result 
of aircraft being used—is one of the notable contri- 
butions that aircraft have already made to agriculture 
in this country. 

As will be seen from Appendix I, the sowing of seeds 
and spraying of crops and weeds is not of major signi- 
ficance in N.Z. in comparison with other uses of aircraft. 


Specialised Development 

Three other aspects of the use of aircraft in agricul- 
ture should not be passed without mention. 

The first of these is the proposal to employ large 
aircraft in areas which are considered by certain enthusi- 
asts to be particularly suitable for their employment. 
In the Hawkes Bay-Poverty Bay areas two Lodestar 
aircraft are now undertaking fertilising work flying from 
established major airfields (Fig. 9). In the Waikato 
area similar work is being undertaken by DC-3 aircraft 
and in the Wairarappa the use of a Bristol 170 is under 
consideration. Whether these aircraft survive in com- 
petition with the more versatile half-tonner, which has 
some 8,000* suitable small airfields throughout the 
country to fly from, only economics and time will 
determine. 

The second of these developments has been 
the advent of the helicopter. The employment 
of this class of aircraft in N.Z. agriculture 


limited to the destruction of certain types of 
weeds and by means of sprays the clearance of 
waterways from willows and hyacinths. 

The third development of note is the in- 
creasing trend to use the 8,000* odd farm air- 
strips for purposes of air transport and already 
Investigations are in train for a suitable freigh- 
ter of 3-ton capacity which can be flown from 
these limited strips. Wherever road distances 
exceed air distance by 50 per cent there 
appears a fruitful field for development of 
such a type and for this reason the develop- 


ment of the Twin Pioneer will be watched with 
interest. 


i at 30th September 1957 to number over 


Copyright: New Zealand Herald. 


Ficure 10. A Fletcher FU-24 topdressing hill country pastures 
in the Waikato District. 


Conclusion 

The potential development ahead can be but dimly 
visualised. Certain it is that the happenings up to the 
present are but a token of what is still to come; that 
aviation is going to change our whole conception of 
agriculture in remote areas. 


Copyright: New Zealand Herald. 
Ficure 11. Topdressing operations in the hill country south of 
Auckland. Operations on the grassland are made right up to 
the edge of the forest. 
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Apart from the uses of aircraft inherent in the strating its ability in this special field to compete with 
development of these new techniques in the ways the products of industry long established in the majo; 
described, already there has sprung up in New Zealand countries of the world. 


the genesis of an aircraft industry. Already it is demon- 


APPENDIX I 


OPERATIONAL STATISTICS (years ending 31st March) 


Aerial Topdressing 
1955 1956 1957 1957 (April- 
Sept. inclusive) 

Hours flown 70,789 79,747 65,003 32,539 

Number of flights 1,079,269 1,155,310 948,218 455,803 

Long tons distributed 279,006 404,933 428,245 222,076 

Acres treated 2,783,802 3,853,169 3,945,586 2,080,446 

Number of firms 49 56 60 63 

Aircraft in use 230 303 262 236 

Seed Sowing 

Hours flown 484 580 857 846 Most of this work is done in early 
Number of flights 2,501 3,675 14,393 4,124 spring or late autumn, before warm 
Long tons distributed 323 353 408 540 rains are over. 

Acres treated 46,306 50,832 68,238 103,280 


Rabbit Poisoning 


Hours flown 2,362 3,042 3,642 3,257 This work is done mainly in the 
Number of flights 11,442 15,242 16,309 17,238 half year April to September. 
Long tons distributed 2,719 4,617 4,239 4,072 

Spraying 
Hours flown 1,199 1,505 2,590 718 Most of this type of work is done 
Number of flights 5,021 7,850 15,201 3,338 in half year October to March. 
Gals. Imp. distributed 218,647 374,811 561,031 113,890 


Supply Dropping (including aerial fencing) 


Hours flown 403 679 694 639 
Number of flights 613 1,717 2,937 1,765 
Tons dropped 107 421 719 495 


Aerial Photography* 
Hours flown 591 819 966 345 
Number of flights 343 305 $22 249 


Miscellaneous aerial work mainly trace element distribution, fire patrols, topographical 
reconnaissance, fish restocking, fisheries patrol, transmission line patrol, scintillometer surveys, 
police dog transport, geological and fault line investigations 


Hours flown no record no record no record 375 
Number of flights 1,234 
Weight handled (long tons) 65:95 


NOTE: With the introduction of larger aircraft the number of flights and hours flown have decreased in relation to the work done, 
a trend which started in 1956. Two Lodestars and one DC-3 are now working on topdressing. There are three Auster Agricolas 
and one Edgar Percival E.P.9. Practically all the Tiger Moths have been replaced by Cessna 180s, Fletcher FU-24s and Piper P.A.18As 
and six helicopters (Bell and Hiller types) are now working on spraying. 


*The average annual hours flown on aerial photography for all purposes up to the year ended 31st March 1954 was 310. Since 1954 


extensive use of aerial photography, particularly vertical photography, has been made for planning agricultural aviation work. The 
extra 281 hours flown for the year ended 31st March 1955 was very largely, if not entirely, attributable to agricultural aviation and 
for this reason the figures for aerial photographic work have been included. 
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/ Major | ASSESSED THEORETICAL COMPARISON OF D.O.C. OF AGRICULTURAL AIRCRAFT WORKING ON A 23 


| 
| 
| 
| 
| 
| 
| 
| 


a $8 Ses FE SE 
“1, Normal cat, gross weight 1825 1500 2450 2700 2750 3125 31509) 3500 5100 5200 7600 
2. Design load factor 38 38 4557 35 3-8 3°8 
3. Special cat. gross weight 2190 2070 2740 3020 3390 3365 3400 3910 5490 5810 8180 
4. Design empty weight 14903) — 1675'2) 16402) 18159) — 2745@) 4244(2) 
+120 
(hopper) 


5. Operations empty weight 1180‘) 15274) 15573) 1681) 1860'4) 1997°3) 3017) 2814) 4470 
6. Fuel for 1 hour at economical cruis- 61 54 Je. 7S 75 80 89 75 123 123 151 
ing speed lb. 


7. Full oil 18 18 ys 22 22 22 22 22 47 47 72 

8. Pilot + fuel + oil 231 242 267 267 267 272 281 267 340 340 393 
9. PAYLOAD—NORMAL 414 222 656 876 766 1172 1009 1236 1743 2046 2737 
10. PAYLOAD—SPECIAL 779 792 946 1196 1406 1412 1259 1646 2133 2656 3317 
11. Eeonomical cruise speed 85 121 110 135 120 96 123 92 125 110 129 
12. Time for 5 miles (24 mile radius) 326 240 27 233 


— 13. Reduced speed (sowing, T.O. landing) 75 95 95 100 95 90 95 90 95 95 100 
14, Time for T.O., sowing, landing (i.e. 0:80 0°63 0-64 060 0°63 0°66 0°63 0°66 0°63 064 0:60 
1 mile at reduced speed) 


| early 15. Flight time per flight 434 3:11 337 282 313 379 307 %392 30 337 255 
warm 16. Time on ground 091 O91 O95 100 104 104 101 109 1:19 1:30 1:44 
17. Gross time per flight 525 402 4:32 382 417 483 408 501 422 467 437 
18. Flights/elapsed hour 11-4 14:9 13-9 12-4 14:7 12:0 14-2 12°85 13-75 
19. Flights/flying hour 13°8 78 253 15:8 198 178 205 
' 20. TONS/FLYING HR.—NORMAL 255. 522 $33 655 827 $80 843 1542 1625 25:00 
21. TONS/FLYING HR.—SPECIAL 480 683 752 11:37 12:00 995 11:00 11:25 18-85 21:10 30°30 : 
n the 22. N.Z. cost of a/c. 1000 4500 6450) 5000 5500 5500 15700'597500 34000 
23. N.Z. cost of airframe 650 2450 2650 4600 3150 3600 3550 5600 13600 5400 29500 
24. N.Z. cost of eng. and prop. 350°) 185016 1850!) 1900 1950 1850° 2100 2100 4500 
25. Assumed airframe life (years) 3 4 a 4 A 4 4 4 4 4 4 
aly 26. Assumed flying hours/year‘7) 825 771 780 737 752 785 752 784 717 722 671 
27. Assumed airframe life (flying hours) 2475 3084 3120 2948 3008 3140 3008 3136 2868 2888 2684 
done Airframe depreciation /flying hour 0:26 O79 O85 105 18 199 474 ES 
29. Total engine life (flying hours) 1500) 5000 5000) 5000) S000) 5000) 5000S 5000) 5000) 5000) 5000 
30. Engine depreciation/ flying hour 023 Off O37 O37 O37 O38 O39 O37 O42 O42 O90 
31. Fuel, oil/flying hour LS tS 20s 7S 352 
— 32. Airframe maintenance /flying hour 60 1:00 1:20 1:00 1:00 1-00 1:00 1:20 1:10 1:30 
33. Engine maintenance / flying hour OSS FSS FSS FOO “FSS ZOE 2x 
34, Pilot pay and insurance /flying hour 204 20 209 206 206 202 225 224 23 
35. Aircraft insurance /flying hour 0:20 0:39 O58 988 066 070 073 O95 219 1:04 5-06 
36. D.O.C. flying hour 513 635 813 °940 844 870 916 9-43 15-68 11:55 26°42 
37. D.O.C./ TON NORMAL 2-01 3°33 1:29 104 81:12 101 1-06 
38. D.O.C./TON SPECIAL 107 0-93 108 083 0-70 087 4083 084 083 055 0°87 
NOTES: 1. E.W.P. quotes 3,675 Ib. designed to 3-0 g. Assume normal A.U.W.=3.675 X = 3.150 Ib. 


Brochure, letter or agents quoted figures. 
Figures from current C. of A. 
Advertised design weight + 24 per cent. 
Figures confirmed June 1955. 


Figures checked June 1955. 
Flights per elapsed hour. 


Assume 1,000 hours/ year on operations, then flying time= 1,000 x Flights per flying hour. 
Assume Tiger Moth engine scrapped after 1,500 hours. 


*It is not uncommon for this kind of analysis to be taken out for various types of aircraft for every 100 hours of annual utilisation 
= between 300 and 1,000 hours per annum, for every half-mile radius of action between 1 and 3} and for every 1,000 ft. altitude from 


one, sea level to the maximum operating altitude in a given area. The costs of types not yet in operation have been assessed from 
olas manufacturers’ claims. 
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LENGTH OF FENCE PER AIRCRAFT LOAD 

4 2: The galvanised steel post and batten fence weighs 5 tons per 

mile. 

A Beaver aircraft load of 1,750 Ib. coincides very satis. 

factorily with a unit of steel fencing (i.e. 1 strain) of 124 chains, 
1.750 .80 

+ Length per load of fence is of chains which js 

D.0c./TONS 5X 2,240 

Ss i approximately the length of a 4 cwt. coil of No. 8 wire. 

a ts Thus with strainers at 124 chains apart, a Beaver supplies 
ae A 124 chains of fencing per load which can be packed in bundles 

4 

LZ a Belly load (bundles) Ib. 

a Ss First, 5 coils, wire 280 

8 YZ Yr, Second, 12 posts, 12 battens, 7 footplates, 2 coils 

Third. 12 posts, 60 battens, 12 footplates. 236 

Va Wing load (bundles) 

4 Lp Z a Fourth, 12 posts, 60 battens, 12 footplates 236 

Fifth, 12 posts, 60 battens, 12 footplates 236 

= iz ro Sixth, 12 posts, 60 battens, 12 footplates 236 

Seventh, 12 posts, 60 battens, 12 footplates 236 

V7, 

=o Vy a 1,744 

om Comparative costs of transport per mile of fence with three 
a types of fencing materials—-steel 5 tons, wood 12 tons, and 
concrete 18 tons per mile. 
fe) 15 25 35 45 55 TRANSPORT COSTS PER TON MILE* 


RADIUS OF OPERATION 
APPENDIX II 


ASSESSED COMPARISON OF DIRECT OPERATING COSTS OF 
AGRICULTURAL AIRCRAFT VERSUS RADIUS OF ACTION. 


APPENDIX III 
AERIAL FENCING: WEIGHT-COST RELATIONSHIPS 
FOR ONE MILE OF FENCING 
Wooden Post & Batten Tons Steel Post & Batten Tons 
400 posts and 9 strainers 8 438 posts and footplates 23 
1 


2.000 battens 3 2.000 battens 

No. 8 wire, 6 coils 1 No. 8 wire. 6 coils 1 

1 barb 4 1 barb 4 
124 5 


Aerial transport and distribution in rough hill country is 
cheapest and most efficient as proved by aerial topdressing, 
and for 4 miles from airstrip £8 per ton is estimated cost by 


air which is less than cost by alternative means. 


Cost of fencing hill country 


Wood Steel (Galvanised) 
£ 
Posts—400 180 Posts—438 units for 
9 strainers 25: posts, stays, and 
16 stays 12 strainers @ 12s. (est.) 262 
— 217 400 footplates@2s. (est.) 40 
Battens 2,000 (£6 per 100) 120 Battens, 2,000 @ £6 per 
Wire. | ton (No. 8) 67 100 (est.) 120 
Barb, 3 cwt. Az Wire, 1 ton (No. 8) 67 
Barb, 3 cwt. 12 
£416 £501 
Rail, 127 miles @ £4 10s. Rail, 127 miles @ £4 10s. 
(12 ton) 54 (5 ton) 224 
Road transport, 12 ton Road transport, 5 ton for 
for 20 miles 12 20 miles 


Air transport @ £8 per 
ton (12 ton) 4 miles 96 
Erection per mile 250 


£828 


Saving per mile using steel posts and battens, £74 10s. Od. 


Air transport @ £8 per 
ton (5 tons) 4 miles 40 
Erection (Posts driven) 185 


£7534 


Man 
£10 Is. 


Packhorse 
£3 6s. 


Sledge 
£2 18s. 


Aircraft 
ESS. 


TRANSPORT COSTS PER MILE OF FENCING AT ONE, 
THREE AND FIVE MILES FROM ROADHEAD 


One mile Man Packhorse Sledge Aircraft 
Steel 18-0 10:9 5:75 
Wood 121-2 43-2 26°16 138 
Concrete 181°8 39°24 

Three miles 
Steel 54-0 32-7 17-25 
Wood 363°6 129°6 78:48 414 
Concrete 545-4 194°4 by 

Five miles 
Steel 252°5 90:0 28°75 
Wood 606°0 215-0 130°8 69:0 
Concrete 909-0 324-0 196-2 103°5 


*Relative costs of various types of transport are quoted from 
Civil Aviation Department 1953 Routine Technical Report by 
Airworthiness Division on “Fencing Material for Back Country 
in New Zealand”. 


The aeroplane has a further advantage as costs per ton-mile 
decrease with distance flown because 90 per cent of the flying 
time is spent in manoeuvring and little at cruising speed over 
short distances. As the distance from the airstrip increases, 
a greater proportion of the flying time is spent at more efficient 
cruising speeds, 


APPENDIX IV 


TABLE OF TYPICAL CHARGE RATES IN NEW 
ZEALAND AGRICULTURAL AVIATION 
A. Typical road haulage charges 1s. 3d. to 1s. 6d. per ton mile. 
B. Typical aircraft charge rates per hour and per ton. 


DH-82 £11 to £14 10s. per hour or £3 to £3 10s. 
per ton up to 24 miles. 

2. Piper £15 per hour or £3 10s. per ton. 
Agricultural 

3. Cessna 180 £25 per hour or £3 10s. per ton. 

4. FU-24 £22 10s. per hour or £2 to £2 10s. per ton. 

5. D.H. Beaver £30 per hour or £4 per ton. ; 

6. Lockheed £5 per ton up to 3 miles and 2s. per ton mile 
Lodestar additional after 3 miles from base. 

7. Bristol 170 £3 10s. per ton plus 2s. per ton mile over — 
(proposed) entire distance hauled. 
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The Helicopter as an Agricultural Tool 


by 


E. C..S. M.B.E., MSe. 


|. Introduction 

The aviation industry has not yet given much 
attention to the development of rotary winged machines 
as specialist agricultural tools which would help to 
make farming easier, more efficient and more produc- 
tive. The emphasis is, and naturally has been, on the 
development of the immediately bigger markets for 
military aircraft. It is understandable, if unfortunate, 
that the farmer has to wait his turn well down 
in the queue of various armed forces specialists. 
He is waiting for aviation to turn the focus, some day. 
of its technical knowledge and research resources onto 
the way that the versatility, manoeuvrability and use- 
fulness of the helicopter can be used to grow more food, 
timber, wool and other natural products. 

It can be argued that the farmer may perhaps be 
fortunate in being made to wait. Improvements are 
still being made to ground machines and implements 
and most farmers have a long way to go before they 
can be said to be fully exploiting these technological 
advances; and the helicopter has still some way to go 
before becoming a reliable, trustworthy machine worthy 
of mass production. Improvements and developments 
have been so rapid that prototypes are obsolete almost 
before they have been built. Although there are fairly 
well tested types available now, radically new designs 
and methods of propulsion threaten ail common makes 
with rapid obsolescence. This rapid advance in 
helicopter design makes the idea of the use of 
vertical take-off, slow moving aeroplanes a probability 
for common use in agriculture in the foreseeable future. 

In this paper the type of work offering in New 
Zealand is described, clearly indicating the possibilities 
of helicopters for agriculture, provided that certain 
developments and improvements can be achieved. Some 
of these advances are under way for military purposes. 
Others are at present only ideas. If preoccupation with 
military problems becomes less intense, then improve- 
ments through the effort and research of the aviation 
industry could result in sensational advances in agri- 
culture. Advances in design which would provide a 
useful agricultural tool might well be more important 
commercially, in the long run, than military or 
passenger carrying requirements. 

Over the past two and a half years in New Zealand 
considerable progress has been made with agricultural 
spraying, using two American makes of helicopter (Bell 
47G and Hiller 12B). Some of the development work 
has been done by the author when acting as agricultural 
technical adviser to two helicopter operating companies 
and also to a chemical firm which was giving assistance 
to these companies. The time and finance available 
was limited and so only part of the helicopter 
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potentialities have been investigated. When greater 
attention can be given by N.Z. Government research 
workers, by the aviation industry and by chemical 
manufacturers, rapid progress can be expected. 

New Zealand lives primarily by agriculture and 
enjoys one of the best climates in the world, but much 
of its country is hilly, known locally as unploughable, 
which limits maximum utilisation of the land. The 
difficulty of fertilising such country has been largely 
overcome by the use of fixed wing aeroplanes, thus 
pioneering a new agricultural technique. It now seems 
likely that New Zealand is in the early stages of the 
development of the large scale utilisation of helicopters. 


Australia is providing a good testing ground for 
guided missiles; New Zealand is providing an ideal 
testing ground for agricultural helicopters which is not 
yet being fully exploited. 

From the British point of view it is unfortunate that 
most of the early agricultural work with helicopters has 
been with American machines and that British manu- 
facturers have not yet given much time to the 
agricultural possibilities. 


The object of this paper is to indicate the type of 
machine agriculture needs and, using New Zealand as 
an illustration, to indicate the scope of work available. 
These ideas are developed in sections as follows: 

(a) The ideal agricultural helicopter. 

(b) Weed, pest and fertiliser treatment possibilities 

in New Zealand, both present and future on: 
(i) Lowland pastures. 

(ii) Highland pastures. 

(iii) Crops. 

(iv) Forests. 

(v) Other agricultural tasks. 


2. The Ideal Agricultural Helicopter 

Any agricultural tool which is to be used either by 
farmers themselves or in general use by contractors has 
to be:— 

(1) cheap; or so long wearing as to offset a high cost. 

(2) relatively simple in operation. 

(3) safe to use with semi-skilled operators, especially 
in difficult conditions (e.g. for aircraft in windy or 
turbulent weather). 

(4) easily handled and reliable. 

(5) quickly and easily repaired. 

(6) preferably free from excessive noise, discomfort or 
danger to bystanders. 

(7) properly fitted with agricultural equipment. 

(8) easily transportable at high speed from place to 
place. 

The following sections go into these needs in detail 
as they apply to the helicopter as an agricultural tool. 
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2.1. COST 
Helicopters will have to come down steeply in price 
—down to the price of a good tractor. Farmers are 
prepared to have a lot of things done for them by 
contract, but the essence of much good farming is 
timing—timing to catch the weather or the crop or the 
pest at the precise time for the best results. Contractors 
cannot always do their work just when the farmer wants 
it. Many farmers in a district often want work done 
simultaneously. To meet such demands the contractor 
needs many machines and this usually means they must 
be cheap. But of course the contractor with a high 
utilisation of his machines can afford to use more 
expensive equipment than the individual owner. 

But the trend is for the farmer, if he can afford 
it, to own and operate the tools himseif so that he can 
be sure of getting the job done in just the right con- 
ditions. The development of the tractor from mainly 
a contractor’s tool to one owned by most farmers is 
an example. 

At present it may seem far-fetched to imagine 
farmers owning and operating helicopters, but it is by 
no means an impossibility, in the not distant future, 
should the aviation industry make the research and 
development effort needed to produce machines which 
conform to the requirements listed in this section. 


2.2. SIMPLICITY 

Helicopters, at their present stage of development 
are quite unsuitable for general use. Their operation, 
maintenance, inspections and repairs are too complex 
and expensive, needing highly skilled pilots and 
mechanics. Although this is also true to some degree 
of large traciors there are important differences of cost 
and safety when ground operated equipment is com- 
pared with aircraft. 

Tractors are dangerous, but most of the casualties 
they cause are due to driving errors rather than main- 
tenance failures; and the total number of accidents are 
few in relation to the numbers of machines used. For 
airborne machines bad maintenance is perhaps more 
serious than poor driving. Although major servicing 
of helicopters could also be done by contract it is 
important that the day-to-day maintenance should be 
even simpler and more foolproof than for a tractor. 

With increased simplicity would come decreased 
costs. The main advance in this direction is the use of 
jet propulsion from the tips of the rotors, thus elimin- 
ating the need for the anti-torque tail rotor and its 
complex drive assembly. At the same time the use of 
a compressed air or gas drive greatly simplifies the 
engine construction. Helicopters using this principle 
are in an advanced stage already but are so new as to 
have little, if any, background of agricultural work 
particularly in difficult country. They have yet to be 
seen in New Zealand. 


2.3. SAFETY 
2.3.1. On the Ground 

Rotating wings seem dangerous, but surprisingly 
few accidents are directly caused by the main rotors, it 
is the tail blades which can be lethally hazardous. But 


jet propulsion is fortunately already making tail rotors 
obsolescent. The wide and low sweep of the maip 
rotors on many machines is inconvenient and a propul. 
sion system which reduces their size and makes jt 
possible for men to walk freely to and from the machine 
without hazards is what is wanted. 

The downward wash of air itself can cause trouble 
on a landing ground which is dusty and covered with 
small stones or twigs. These can be swept up and cause 
injuries especially to the eyes. This obviously has to be 
put up with, but anything which could be done to 
reduce turbulence would greatly help operators who 
have to load the machine at frequent intervals through. 
out the day, if, for example, it were possible to have a 
quick start, stop system for the rotors. 


2.3.2. In the Air 

It seems reasonable to expect engine reliability and 
emergency devices to be developed to the stage when 
complete breakdowns seldom, if ever, occur. 

In agricultural aerial work many of the hazards are 
associated with flying close to the ground where 
obstacles such as trees, power poles and telephone lines 
can cause disaster. The smaller the surface the machine 
presents to obstacles the less the risk, so a means of 
propulsion which eliminated, or reduced the size of, the 
rotors would be a great advantage. 

For spraying work a boom is conventionally needed 


to space out the jets to give a sufficiently wide swath , 


To eliminate the boom by replacement, for example, 
with sideways directed blasts of spray would add a 
further safety factor. Such a device would also provide 


a more efficient means of delivering spray onto an — 


inclined target, such as the steep side of a hill, than a 
horizontal boom which delivers quite a different pattern 
from low levels over flat targets than on to hillsides. 

It is in the direction of the design and improvements 
of such equipment that the farmer would benefit so 
greatly by technological research. 

Any foolproof devices which could help the pilot to 
make a safe forced landing in difficult country would 
greatly increase the scope of agricultural helicopters. 
For example, it may be possible to fit power cartridges 
which, in an emergency, could be fired so as to replace 
the turbine gases of jet machines and thus give 
sufficient temporary lift so that a safe landing could be 
made. 

New Zealand is a country where wind may limit 
operating hours more than rain, and a machine with 
the stability and power reserves to operate safely in 
moderate wind and turbulence would have greatly 
extended operating hours per annum—and_ thus be 
cheaper to run. It would also have the considerable 
commercial advantage in being more reliable by having 
a greater chance to complete a spraying programme in 
spite of persistent bad weather. 


2.4. EASY FLYING 

Many people have visualised owner drivers of 
helicopters and it is not a far step from this to imagine 
farmers operating their own machines, although this 
would require considerably more skill for spraying 


work, and so on, than for routine travelling. At least it 
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should be possible, before long, to produce machines 
which require far less flying skill and training to operate 
efficiently than is needed at present. One of the limiting 
factors in present helicopter operation is the long and 
expensive hours of training needed before a pilot can 
safely handle the present costly and relatively delicate 
machines. 


25, REPAIRS AND MAINTENANCE 


It should also be possible to make a helicopter 
which will be easily serviced and repaired by a com- 
petent mechanic. It should be possible to reduce the 
daily maintenance operations to a few simple tasks 
and perhaps make it possible for the owner to take out 
and replace, where necessary, major assemblies which 
then can be reconditioned at a workshop. The simpler 
the machine, the simpler is the maintenance and with 
these features comes maximum utilisation. The use of 
common fuels which are cheap and do not have to be 
elaborately filtered is an important advance conferred 
by jet engines. The rotor driven by ram-jets appears 
particularly promising, but there seems to be a long 
way to go yet in reducing fuel consumption to a reason- 
able level. 


2.6. NOISE 

In open uninhabited areas noise would seem to be 
of minor importance. But it does contribute its quota of 
fatigue, not only to the pilot (who is somewhat sheltered 
from it in his cockpit) but also to the men who have at 
frequent intervals to approach the machine both to 
recharge the chemical tanks and to refuel. Farmers may 
have to move their animals well away from the opera- 
tional zone. A noisy machine appearing suddenly over 
a ridge can stampede stock, which can be a serious 
matter on steep country. If built-up areas are nearby, 
a noisy machine, working at low levels, would be sure 
to cause complaints. It is thus important to bring 
noise level down, if not in intensity, then in tone, so that 
at least the most aggravating features are removed. 


2.7. AGRICULTURAL EQUIPMENT 

Much work and ingenuity needs to be directed 
towards providing agricultural helicopters with gear 
which is fully efficient, light, simple, rugged and easily 


' put on and removed. Even those makes of helicopters 


with considerable agricultural experience are still fitted 
with equipment based mainly on conventional ground 
tigs. Aerial application needs special gear. A long list 
of items needing special designs could be made of which 
the following are examples: 


(a) Spray jets with safe and positive off/on 
switches. 

(b) Spray jets which can easily and quickly be 

changed to the desired orifice size or droplet 

size. Also quickly added to or reduced in 

numbers. 

(c) Pressure regulating devices so as to control 
the pressure delivered to the jets. 

(d) Highly efficient filtering, easily cleaned and 

checked. 

(e) Agitation in the tank which can eliminate 


(Courtesy Bell Aircraft Corp.) 


FiGurE 1. Fogging. A very slow flying helicopter (Bell 47G) 
is ideal for driving downwards the minute aerosol particles of 
an insecticidal fog. Such a technique is ideal for destroying 
insects along the margins of lakes, as in this photograph, or for 
driving the chemical deep between forest trees, stacks of tiniber, 


(f) 


(g) 
(h) 
(i) 
(j) 


(k) 


(—D 


buildings, dense crops, and so on. 


the usual need for premixing of the chemical 
and the diluent. 

Good level-indicator gauges showing the 
pilot at a glance the state of the liquid in his 
spray tanks. 

Efficient low delivery dusting gear. 

Cheap effective fogging equipment. 

Very large capacity pumps. 

Filling equipment which can cut down time 
on the ground to a few seconds and which 
would eliminate foaming of certain chemical 
sprays. 

Corrosion-free and easily cleaned surfaces 
of the tanks, pump, boom, and so on, so 
that a wide range of chemicals can be used 
without damage, corrosion or contamina- 
tion. Or alternatively, cheap easily fitted 
tanks for quick interchanging. 

A device by which the helicopter can spray 
an indicator trace or intermittent line on t 
target beneath it to show its flight path. 
Only with this can accurate flying be 
obtained in the absence of flagmen or 
markers. This last is a particularly intrigu- 
ing problem worthy of skilled and imagina- 
tive research. 
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2.8. TRANSPORTATION 

For the contractor with many jobs to do over a 
wide area in a limited spell of fine weather the time 
consumed in taking the machine from job to job may be 
so great as to preclude him accepting smaller targets 
except at a high premium. If the helicopter’s maximum 
speed remains low it may be too costly to fly from place 
to place, especially on long distances. If the aircraft has 
to be transported, one which can be flown on and off a 
truck would have a great advantage over a machine 
needing an elaborate trailer. For heavier helicopters it 
would be useful if they could be designed for direct road 
haulage on their own wheels. If a high economic 
cruising speed were possible (up to 200 m.p.h.) then 
long distance flying to jobs may be practicable, thus 
saving valuable operational time in good working 
weather conditions. 


3. The Use of Helicopters on Lowland 
Pastures 


With the present high cost disparity between fixed 
wing aircraft and helicopters it is usual to use fixed 
wings on large areas of difficult country where it is not 
convenient to use ground equipment to apply chemicals. 
It is generally cheaper on easy country to do all the 
work with ground equipment. But aerial fertiliser 
application by its cheapness is even invading these 
targets. There are in New Zealand quite large areas, 
however, where the ground is very stony, full of stumps 
or is boggy in winter. These are conditions (especially 
when the fields are small, or where small targets such 
as patches of weed in large numbers have to be treated) 
where the helicopter is badly needed. 


3.1. WEED CONTROL ON LOWLAND PASTURES 

Many weeds are best treated by modern hormone 
weed killers when they are very young, which is usually 
in the early spring. This is often impossible with 
ground equipment because of winter flooding or the 
very wet state of the ground. Recent tests in northern 
New Zealand have shown that it is quite practicable to 
treat such areas by helicopter with speed and accuracy. 


FicureE 2. Crop spraying. A low, slow flying helicopter (in this photograph a Bell 47G) can spray 

effectively in a short time large areas of crops for weeds, insect pests, or fungal disease and can 

also chemically dry off foliage to aid harvesting. All this work is done with the minimum of 
risks from drift and with no wheel mark damage. 


(Courtesy Bell Aircraft Corp.) 


3.2. PEST CONTROL ON LOWLAND PASTURES 

Army worms, a type of caterpillar which ca 
suddenly appear in enormous numbers and progra, 
sively devastate large areas of good pasture, are a 
ideal target for helicopters and have been successful}; 
dealt with in this way in New Zealand. The techniqy 
is to put an insecticidal barrier round an area oj 
infestation and then work inwards. precisio; 
treatment, which has to include hedges, fences anj 
ditches, can only be done properly with a slow flyin 
machine which can land and take off frequently for th 
pilot to check the work. There are other insects su 
as grass grubs and other caterpillars which can }; 
treated similarly. When more is known about hoy 
much these insects are costing the farmer in loss of 
pasture production it is likely that much more wor 
will be done for their control. 


3.3. FERTILISER ON LOWLAND PASTURES 


Trace element deficiencies of soils are being 
intensively studied and there are already many area 
of New Zealand on which it can be shown that ven 
small quantities—down to a few ounces per acre of, for 
example, molybdenum—resuit in remarkable _pastur 
responses. While it is possible on easy country to sprij 
on such small amounts with ground equipment it i 
obviously a job which could be done more quickly ani 
evenly from the air, especially on hill country. The tim 
when helicopters are cheaper and more readily availabl: 
will probably coincide with the arrival of a lot mor 
information on fertiliser application needs and wil 
provide a considerable outlet for helicopter application 
As previously mentioned fixed wing aircraft are alread 
applying bulk fertiliser to some lowland pastures. 


4. High Country Pastures 
It is on. steep country that the use of aerial applic: 
tions have reached their highest development in Nes 
Zealand. This is particularly the case with fertilisers 
although the amount of aerial spraying is also rapid) 
increasing. The ability to apply chemicals mechanicall) 
to pastures hitherto too steep 0 
inaccessible for ground mach: 


ines has revolutionised the far: ° 


ing of immense tracts of count 
All the fertiliser work and mos 
of the weed spraying has be! 
developed with fixed wing mé 
chines. 


4.1. WEED CONTROL ON Hil 
COUNTRY 

The weeds that cause troubl 
on hills can be divided ini 
those that obstruct the develo 
ment of rough country itl 
grass, and those which inva 
the grass later. Examples of 
first type are scrub weeds lik 
gorse and broom. Examples! 
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the weeds which flourish with improved fertility and 
tend to choke out pastures once they have been estab- 
lished are thistles and ragwort. On very steep hills 
the amount that can be done by hand spraying or cut- 
ting of weeds is hopelessly small. So aerial spraying 
has proved a blessing to farmers and in a few years 
this work has built up to tens of thousands of acres 
annually. Fixed wing aircraft have done most of it 
because they were already available in good numbers 
as topdressing machines and were relatively easily 
converted to aerial spraying. But as helicopters come 
into the field they are showing that they can compete 
in costs and do a better job. When a true agricultural 
helicopter is produced it should completely replace all 
fixed wing spraying. There are only five helicopters 
working in New Zealand at present but there is work 
for several more. With the right type of machine there 
would probably be scope for weed spraying by con- 
tract, on hill country alone, for six times as many. 


4.2. PEST CONTROL ON HILL COUNTRY 

In the same way as on lowland pastures there are 
numbers of pests on hills whose actual damage in terms 
of cost and loss of production has not yet been 
accurately assessed. Certain of these pests are so 
obviously damaging on some areas that it is clear they 
are probably a widespread cause of considerable losses. 
By the time research has obtained the answers as to just 
how important these pests are and how much should be 
spent on them, it is likely that 
the helicopter will be sufficiently 
advanced to take care of this 
additional large field of work. 
Probably for these pests dusting 
techniques may be more suitable 
than spraying. 


4.3. FERTILISERS ON HILL 
COUNTRY 

It is in this development that 
New Zealand has made such 
spectacular advances. Since the 
war the industry has developed 
from nothing into an annual 
application approaching §half-a- 
million tons per annum and is 
still rising. It is all done by 
fixed wing aircraft ranging from 
Tiger Moths to a Dakota. Any 
Suggestion that this work could 
be taken over in any way by 
helicopters is generally dis- 
counted. 

There is one aspect of this 
fertiliser application however. 
which has not yet been fully 
studied. That is the question of 
evenness of application. It is 


claimed by topdressing opera-  Ficure 3. Crop dusting. 


tors that they achieve as even a 


by ground machines and_ that. 


where the distribution has been irregular, then sub- 
sequent grazing by stock will distribute the fertility 
more evenly. It is also taken for granted that helicopters 
can never hope to compete as regards cost of applica- 
tion. Both these assumptions can perhaps be questioned. 


Much of the fertiliser is most unevenly spread and 
obviously helicopters would be able to do a more 
accurate job on difficult, irregular, country. Much of 
the fertiliser is wasted when applied by fast moving 
aircraft—into forests, rivers, lakes or into neighbouring 
properties. 

Applications are often delayed beyond the point 
when they are wanted because of inability to operate 
from water logged air strips. 

There will come a point when farmers will want 
more even application if they can get it at a reasonable 
cost. There seems here, therefore, a possible outlet for 
the heavier helicopter especially when these machines 
become cheaper. Any manufacturer willing to experi- 
ment now might be well in the lead when, as it 
eventually seems likely, helicopter type machines will 
replace conventional aircraft for all forms of 
work. 


The type of experimentation suggested includes (a) 
tests to develop satisfactory loading and release equip- 
ment, and (b) experiments on pastures to demonstrate 
the more even delivery possible from helicopters and to 
deduce from this what extra yields could be expected 
and their value. 


(Courtesy Bell Aircraft Corp.) 


Dust is more difficult to apply than spray but it has certain 
advantages. If applied by helicopter (Bell 47G) it can often penetrate into dense crops more 
tr : : deeply than sprays and cover all surfaces of foliage more thoroughly, For most spraying work 

catment as could be applied flagmen are needed to guide the pilot on an accurate flying pattern. A mechanical method by 
which the pilot can indicate his previous flight path is a badly needed development. 


3 
% 


442 VOL. 62 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY JUNE 1953 : 


5. Crops 

In New Zealand crops are secondary to grass, but 
nevertheless there are large areas of crops grown which 
are infested by weeds and pests which would give more 
profitable yields if suitably treated. When application 
is made from the air, not only are better results than 
from ground equipment often achieved, but there are 
no losses from wheel mark damage. Here, therefore, is 
an outlet, especially for helicopters, which needs 
development especialiy for the time when sufficient 
aircraft will be available to ensure that the pests are 
treated at precisely the right period for maximum 
effect. Most crop growers at present rely on ground 
equipment which they can usually obtain when they 
want it rather than have the uncertainty of waiting for 
one of the few aircraft available (which may not turn 
up at all through pressure of other work). 

There is considerable interest in the relative 
effectiveness of aerial spraying compared with ground 
equipment and a series of experiments to measure these 
differences are needed. 


5.1. CROP WEEDS 

Weeds in brassicas are one of the most difficult 
problems in New Zealand agriculture. All experiments 
have so far been done with ground equipment. Weeds 
in cereals are also important. This crop in particular 
can often suffer considerable losses from wheel 
damage. Many crops benefit by being sprayed with 
chemicals which desiccate the foliage thus making 
harvesting easier. Such a job is ideally suited to aerial 
application. 


5.2. CROP PESTS 

Epidemic attacks by caterpillars and other insects 
on many crops especially brassicas frequently cause 
heavy losses. Some helicopter work on this problem in 
New Zealand was completey successful. When it 
becomes possible to reduce the cost of application, i.e. 
when cheaper helicopters are available, it may become 
practicabie to get farmers to spray their brassica crops 


—!” 


(Courtesy Argosy Photos., N.Z.) 


Ficure 5. Scrub weed spraying. A rear view of the Hiller 12B 
on the same job as in Fig. 4. Note the vortices forming. These 
are undesirable as the longer the droplets are in the air the more 
they are subject to evaporation with reduction in size and 
thus the greater the risk of drift. Note the need to fly fairly 
high, even by helicopter, in difficult country. Fixed wing aero- 


planes forced to fly at 60-70 m.p.h. must fly higher still with j 


consequently greater evaporation problems. 


as a routine insurance measure rather than, as at 
present, only when severe damage is occurring. 


5.3. CROP FERTILISERS 

Considerable benefits from correct fertiliser applica- 
tion are obtained but farmers often do not think that 
the wheel damage, when ground equipment is used, 
makes the application worthwhile. To do this work 
by hand is too laborious. So if concentrated fertilisers 
are used aerial application might be acceptable. If it 


(Courtesy Argosy Photos, N.Z.) 


were possible to combine the 
fertiliser application with the 
insecticide treatment in one 
application then the scope of 


aerial work would be consider. 


ably increased. 


Ficure 4. Scrub weed spraying. A 
Hiller 12B helicopter spraying dense 
gorse at the rate of about 12 gallons 
of spray per acre on a 60 ft. wide 
swath flying at 25 m.p.h. The spray 
is of fairly coarse droplets and falls 
rapidly but with considerable turbu- 
lence into the plants giving 20 

coverage. The aeroplane flies ove 
the area three more times giving 4 
total of about 50 gallons of spf) 

per acre. 
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HELICOPTER AS 


AN AGRICULTURAL TOOL 


6. Forests 

New Zealand has very large areas of pine forests 
which are highly susceptible to epidemic attack by pests 
and diseases. They represent an immense reserve of 
wealth and therefore justify considerable expense in 
protection. There are several developments which could 
lead to extensive use of helicopters for forest treatment. 


6.1. FOREST WEEDS 

There are three kinds of weed problems in forests, 
each difficult to cope with other than from the air. 
These are (a) weeds which compete with the growth of 
the trees themselves and (b) weeds which create a 
hazard or nuisance by developing a fire risk along 
roadsides or firebreaks; or (c) can cause trouble 
by spreading their seeds onto neighbouring farm land. 

For all these tasks helicopters are more suitable than 
fixed wing aircraft. Accurate application to limited 
areas, often of complex shapes is obviously better done 
by a slow moving machine which can direct the 
chemicals just where they are wanted. 

We have developed in New Zealand a novel method 
of cutting tracks 2-3 ft. wide through thick scrub 


by helicopter using concentrated chemical through 


specially designed jets. This method may also be used 
with multiple jets to cut a series of lines through scrub 
to provide paths which can later be used by foresters to 
plant trees, thus saving much hard labour. Using these 
jets and flying in a grid pattern would provide a method 
to thin out dense stands of trees—all without the 
forester having to set foot in the area. 

Where forests are heavily cumbered with stumps 
and branches of felled trees aerial treatments of this 
kind can make development of large areas practicable, 
where it might otherwise be too slow or too expensive 
with the limited labour available. 


6.2, FOREST PESTS 

The risk of epidemic attacks of insects and fungi is 
a continuous anxiety in forests often covering many 
square miles all planted with a single species—a typical 
situation in much of the man made forests in New 
Zealand. A few fairly serious insect attacks have been 
dealt with by spraying insecticides from fixed wing 
aeroplanes. For blanket surface treatment of large, 
fairly flat areas, fast moving machines can do a good 
job. Where, however, the targets are small or irregular 
then a slow flying, easily controlled aircraft, i.e. a 
helicopter, will be essential. For deep penetration of 
chemicals into dense forest, e.g. when fogging with 
aerosols, the helicopter is obviously the right vehicle. 


There is considerable scope for testing these techniques 
in New Zealand. 


6,3. FERTILISERS ON FORESTS 

Hitherto most forests have just been left to grow and 
ample yield has been obtained without much silvicul- 
tural treatment except a certain amount of thinning and 
Pruning. But there are indications that where a second 
crop of young trees is coming away after the first cut 
ea gear may be needed. The aeroplane is 
‘ easiest way to put these chemicals on as the only 

er alternative in most forests is application by hand. 


This is because the trees are not only usually planted 
on steep country, but are also set very close together 
and are too susceptible to damage by ground machines. 
If the helicopter can be improved so as to compete with 
ordinary aerial topdressing then it should also be 
competitive for forestry work. 


7. Other Agricultural Uses for Helicopters 

There are numbers of other ways in which 
helicopters can be used and, with careful planning, 
utilisation can be achieved virtually throughout the 
year. The following gives some idea of the scope of 
work already offering in New Zealand. 


7.1. CONTROL OF WILLOWS 

There are thousands of acres of willows which have 
encroached into rivers from the banks and cause floods, 
and so on. The technique of destroying these from the 
air by spraying with hormone weedkillers has not yet 
been worked out, but there is no doubt that a successful 
method can be evolved. Present methods of working 
on the ground or in the water by spraying the trees or 
injecting chemicals into their trunks are effective, but 
in many cases hopelessly laborious and expensive. 


(Courtesy Bell Aircraft Corp.) 


Ficure 6. Forest spraying. A Bell 47G helicopter spraying 
unwanted plants in a forest which would be extremely 
difficult, if not impossible, to treat by hand labour. 
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(Courtesy Sud Aviation) 


Figure 7. The French §.0.1221 Djinn two-seater jet helicopter 
fitted with spraying equipment for agricultural work. 


7.2. CONTROL OF WATER WEEDS 

Many small weeds cause blockage of irrigation and 
drainage channels and small streams. By spraying from 
the air they can be dealt with easily. The times when 
urgent attention is needed often coincide with wet 
weather when ground equipment can only approach 
the banks with great difficulty. The water hyacinth, 
which can become so damaging and is often hard to get 
at for complete eradication, is a good example. Other 
aggressive weeds, such as Manchurian rice grass, grow 
in wet places and by creating swampy conditions can 
make access by ground equipment very difficult. 
Hundreds of miles of watercourses and many acres of 
swamps are infected with these and other important 
weeds. They all represent good aerial targets. 


7.3. FENCE DROPPING 

This technique is being developed successfully by 
fixed wing aeroplanes, but a good agricultural helicopter 
should be able to take this work over and do a better 
job more easily. With fast aeroplanes quite elaborate 
precautions have to be taken to prevent damage and 
loss to the fencing materials which not only are dropped 
from a considerable altitude, but at a forward speed of 
60-70 m.p.h. A helicopter would be able to put down 
the materials without damage and without the expensive 
prepacking procedure necessary at present. 


Figure 8. The Fairey U.L. jet helicopter developed for helic 
military purposes but which has agricultural possibilities, — migh 


7.4. RABBIT DESTRUCTION roads 
Fixed wing aeroplanes have developed extensively coulc 
the aerial application of rabbit poisons. This has made in al 
great advances in the elimination of rabbits. Agricul- main 
tural helicopters could take over this work mor coun 
efficiently, particularly when dealing with small pockets _ is hel 
needing treatment before a wide area is finally cleared. bridg 
With the control of rabbits some weeds which the 
rabbits suppress ¢.g. the sweet briar, are spreading ant g 
becoming of importance. The helicopter could deal with 81 
patches of these as they appear as part of the rabbi“ ~ A 


destruction programme. discu 
a can | 
.5. MUSTERING OF STOCK suffic’ 


On hill farms mustering is a long arduous job often ant 
incompletely carried out. With cheap, easy to fy gyuig 
machines the work could be done more efficiently ani jyie 
quickly and; if necessary, more often so that the health being 
and condition of sheep and cattle could be more closel) jg 
watched and attended to. With practice it has beer o¢ 4 
shown in the U.S.A. that a helicopter pilot, without 
landing, can effectively gather widely scattered stock 
off the hills and drive them to where they are wanted— 
the final yarding and sorting of the animals being done 
in the usual way. : 


Ficure 9. The Dutch H-2 Kolibre, 
a ram-jet helicopter fitted with spt) 
ing equipment. 
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16. GENERAL FARM SUPERVISION 
Obviously a cheap, easy to fly, helicopter would 
' enable a farmer to keep a much better check on a large 
' | pill farm of several thousand acres than by riding round 
on horseback, or even in a jeep. Close supervision of 
m | fences, stock conditions, and so on, gives valuable 
results which would be a worthwhile contribution to 
the capital outlay for a machine which was already in 
general use for many of the tasks described earlier. 


11, FARM ACCESS 
A hill farmer’s helicopter might largely replace his 

car for visits to town or the market as many hill country 

farmers at present have to travel long distances over 

winding, dusty, and sometimes dangerous roads. A 

ed fo; helicopter would reduce the time spent on travel—but 

ities, | might induce more frequent visits to town which per- 
haps could be a bad thing! But an important develop- 
ment could be the opening up of farms in regions where 
roads have not yet been formed. A cheap helicopter 

isively could be used to do the work of a light van and carry 

-made in all the materials not only to build a house but to 

gricul. maintain it. In this way the development of back 

more country could be accelerated as often intensive farming 

ockets isheld up by road delays such as cuttings and expensive 

eared. bridges. 

ch the 

gan’ Conclusion 

Wilt LIGHT HELICOPTERS 

rabbit Among the suggestions and possibilities listed and 

discussed in this paper there may be some items which 

can be criticised as far fetched. But there are still 

sufficient possibilities to justify the intensive develop- 


- ment of helicopters for agricultural purposes. A demand 
: : could be created which might well rival the military 
y an’ ‘outlets on which most of the development effort is 
health being expended at present. 

los) Ifa helicopter costing under £3,000 with a payload 
bess of about 600 Ib. were developed which was easy 
stock 

ited— 


done 


olibrie, 


and safe to fly then not only would all the possibilities 
listed become immediately practicable, but many others 
would also become feasible and this would lead to very 
important benefits to the agricultural industry. 


8.2. HEAVY HELICOPTERS 

There is a case for heavy helicopters for fertiliser 
application and perhaps for heavy supply dropping (e.g. 
fencing materials), and although the present types are 
too expensive it is not too soon to try them out experi- 
mentally to find out what advantages they have over 
fixed wing machines, and what improvements and 
features they would need to make them a practicable 
proposition for heavy load carrying of cargoes which 
are of a relatively low value per Ib. (as opposed to light 
helicopters carrying concentrated expensive materials 
like weedkillers, or trace element fertilisers). 

In view of the large areas in the British Common- 
wealth needing agricultural development and to which 
helicopters can make such a valuable contribution it is 
to be hoped that the British Aircraft Industry will con- 
sider it worthwhile to devote a vigorous research effort 
to produce the type of machine that agriculture needs 
rather than leave it to other countries to take the lead. 
Sureiy more effort can be devoted now to the basic 
needs of a peaceful future—ample food and other goods 
from primary industry—at the same time as the neces- 
sary needs for defence are being attended to. 


The commercial rewards could well be great. At 
present a total of about 300 aircraft are engaged on 
agricultural work in New Zealand. Of these five are 
helicopters. (This is an interesting parallel with the 
U.S.A. where, of about 4,000 agricultural aircraft, about 
30 are helicopters.) But with advances in aviation it is 
probable that not only will the total numbers of aircraft 
in use be greatly increased but the proportion of 
helicopters will steadily rise to a point where, if enough 
effort is put into their development, they could virtually 


replace fixed wing types altogether. 
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Lateral Control at Supersonic Speeds by means of Control Surfaces on Nacelles 
or on the Fuselage’ 


D. W. HOLDER, D.Sc. 


R. C. LOCK, M.A., Ph.D. 
(Aerodynamics Division, National Physical Laboratory) 


METHOD FOR providing lateral control at super- 

sonic speeds by means of control surfaces located on 
nacelles or on the fuselage is described. These surfaces 
are arranged so that they affect the pressures over adjacent 
wings, and hence produce a rolling moment. The note 
includes the results of calculations and of a limited number 
of measurements which enable the effectiveness of such 
controls to be estimated. 


INTRODUCTION 

It is well known that the provision of lateral control at 
supersonic speeds by means of ailerons sometimes involves 
difficulties. The change of loading produced by the 
deflection of an aileron is frequently confined approxi- 
mately to the area that it occupies. For a given rolling 
moment, the loading near the trailing edge of the wing may 
thus become large and lead to structural problems, 
especially if the wing is very thin. A similar difficulty 
sometimes arises for spoiler controls which, for greatest 
effectiveness, must be located near the trailing edge so that 
the effect of the increased pressure upstream of the spoiler 
is not partly counterbalanced by that of the reduced 
pressure downstream. 

These difficulties can, of course, frequently be over- 
come by the use of all-moving wings or wing tips, but the 
following approach which avoids mechanism in the wings 
and, in most cases, high load concentrations near the 
trailing edge seemed worthy of consideration for cases 
where control at subsonic speeds is either not required, 
or can be provided by a separate control system. Alter- 
natively, the method described could be used in the super- 
sonic part of the speed range to supplement a conventional 
control system in order to increase the effectiveness or 
reduce load concentrations. 


DESCRIPTION OF THE METHOD, AND ESTIMATION OF THE 
ROLLING MOMENT 

Referring to Fig. 1, suppose that control surfaces 
protrude from the sides of the fuselage above the root of 
one wing and below that of the other. The adjacent 
surface of each wing will be subject to the pressure field 
of the control surface within approximately the region 
bounded by the intersections with the wing surface of 
the Mach cones springing from the front and rear of the 
control, and a rolling moment will be produced. 

The effectiveness of such a control system is difficult 
to estimate unless certain simplifying assumptions are 


*The work described was initiated in 1955. After the paper was 
submitted for publication it was, however, learned (see Aircraft 
Engineering, December 1957, page 394) that an analogous 
scheme has been patented in the U.S.A. by Chance-Vought 
Aircraft Inc. 


Received 19th December 1957. 


Mach lines 
SS Area of wing 


subject to pressure 


Field of flap 
¢ Fuselage “control flap ¢ 
(a) Plan view 


(0) Front view 


Ficure 1, General arrangement of the method with control 
flaps on the fuselage. 

made. Accordingly, it is assumed that the leading edg 
of the wing lies outside the Mach cone from the leading 
edge of the control, so that the flow on the upper surface , 
of the wing is not affected by the presence of a control on 
the lower surface. This assumption restricts the calcu- 
lations to cases where the leading edge of the control lies 
at or downstream of the leading edge of the wing root 
and, if effects arising from the incidence and thickness of 
the wing are neglected, implies that the rolling moment 
produced by the control is independent of leading-edge 
sweep. 

With the above assumption, the rolling moment is 
readily calculable for a plane flap whose height is sufficient 
for the presence of the edge of the flap to have no effect 
on the pressures at the wing surface. The pressure at the 
wing arising from the deflection of the flap is then constant 
between the flap and the Mach line from its leading edge, 


and can be calculated on the basis of two-dimensional - 


theory. The minimum flap dimensions satisfying this 
condition are shown in Fig. 2, and the resultant rolling 
moment on the wing alone has been calculated for an 
unswept trailing edge on the basis of first-order theory 
and is plotted in Fig. 3. This rolling moment is partially 
offset by the moment arising from the pressure (equal to 
that induced by the flap on the wing) acting on the surface 
of the flap, and, if allowance is made for this, the net 
value of the ordinate in Fig. 3 is 2-0 independently of the 
value of the abscissa. 

In practice it is improbable that the flap height could 
be large enough for the pressure induced on the wing t0 
be that for two-dimensional flow, and for smaller flap 
heights the pressure will be reduced by the effects of the 
flap edge. Also, the flap may need to be of curved cross 
section for accommodation in the curved side of the 
fuselage. To provide an estimate of the rolling momett 
for a more realistic arrangement, calculations have beet 
made for the configuration sketched in Fig. 4. Here, the 
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M 
AY 
‘ + Axis for 
(a) Plan view 
(b) Front view 
& 
8 Mach angle 
| 


(c) View from wing tip 


FIGURE 2. Minimum control flap dimensions giving “two- 
dimensional” pressure field on the wing. 


* wing is mounted on a body of circular cross-section, and 
the flap cross-section is a circular are concentric with the 
fuselage. The resultant rolling moment for an unswept 
trailing edge is again plotted non-dimensionally in Fig. 3 
for a range of values of the angle 6 subtended by the 
extremity of the flap and the wing span at the axis of 
the fuselage. Since the flap is a circular arc whose centre 
control coincides with the axis about which the rolling moment 
is calculated, the pressures acting on the flap itself do not 
contribute* to the rolling moment, and the quantity plotted 
y edge thus represents the net rolling moment. In Fig. 3 the ° 
eading appropriate curves are those labelled “both wings,” since 
urface , these make allowances for the propagation of the pressure 
rolon field round the fuselage and on to the other wing. The 
cally curve labelled “one wing” is for the rolling moment 
ol lies produced on the wing adjacent to the body flap, and is 
3 T00t included for comparison. 
ess of A third theoretical approach, which may be appropriate 
oment if the flap is mounted on a flat-sided body, is provided by 
sedge treating the body as an infinite reflection plane. The 
_ pressure distribution due to the flap may then be calculated 
applying thin-wing theory to 


Position of flap 
set at negative 
angle on lower 
surface of wing 
(if used ) 


(a) Plan view. (b) Front view. 


Ficure 4. Control flap on circular fuselage considered in the 
results plotted in Fig 3. 


It is clear that the rolling moment produced by a 
control system of the type considered could in many cases 
be increased by placing the flap near the wing tip instead 
of at the wing root. This may be possible in configurations 
with nacelles, by placing the flap on the side of the nacelle 
as shown in Fig. 5. The normal force produced by the 
pressure field of such a flap acting on the wing, and the 
spanwise position of the centre of pressure of this pressure 
field have been calculated. The centre of pressure is found 
to lie closely at y=c/3( (see Fig. 5) for all cases con- 
sidered, and the normal force is plotted in non-dimensional 
form in Fig. 6. The appropriate curves for tip nacelles 
are those labelled “one wing”; the curve labelled “both 
wings” allows for the propagation of the pressure field 
round the nacelle, and is included for comparison or for 
use if the wing extends outboard of the nacelle. 

When a flap of the type sketched in Fig. 2 is mounted 
at the wing tip, the uniform pressure induced over the 
wing is again readily calculable, and the corresponding 
value of the ordinate in Fig. 6 is constant and equal to 2. 
In this case the rolling moment is increased by the pressure 
acting on the flap itself, and the total rolling moment is 
equal to that which would result if the normal force on 
the wing acted at the junction of the wing and nacelle. 

In theory, the values of the rolling moment and normal 
force corresponding to the ordinates in Figs. 3 and 6 can 
be doubled by placing a second flap set at a negative angle 
» (i.e. retracted into the fuselage or nacelle as shown 
in Fig. 4) on the other surface of each wing so that the 


ficient the flap and its images in the 60 


effect reflection plane ; i 
at the plane. It Fig, One wing 
nstant force on the wing is given by 4 
edge, Oblique - shock theor Measured for 
sional - _Normal force x B Bh | 7= 5°, layout of Fig. 8 Tt 
this 3p,U?x Flap areaxyn / Are) 
constant height above the wing [Measures tor] SO 
surface. If h/c is small, this 3|2 
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Value 2 appropriate to a fla 
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; again at a distance c/3 from the 20 
sais Junction of the body with the Va “ 

wing. The rolling-moment para- 
¥* meter produced by a flap of this 
type mounted on a flat-sided body 
Would thus approach the upper 
cross fine in Fig. 3. 
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o ap. FicureE 3. Rolling moments produced by body flaps (for notation see Figs. 2 and 4). 


7 
Axis 
| | 


Normal Force x@ 


0,U?x Flap areax 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY JUNE 19% 
2:0 Flap giving 
constant pressure 
(Fig. 2 
One wing 8 
10 Norma! 
force N 
_ 
r) ' 2 3 4 5 6 7 8 10 
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° 
FicureE 6. Normal force produced by nacelle flaps (for notation Ficure 5. Control flap on circular nacelle considered in the 
see Fig. 5). results plotted in Fig. 6. 


pressure over this surface of the wing is reduced by the 
resultant expansion waves. 


COMPARISONS BETWEEN THE ESTIMATED ROLLING MOMENTS 
AND MEASURED VALUES 


Before the calculations discussed were made, an 
opportunity arose to make a limited number of measure- 
ments in a supersonic wind tunnel. The configurations 
tested differed from those considered in the calculations, 
but nevertheless permit a rough comparison of the results. 
The wing was mounted on a half body attached to the 
tunnel wall as shown in Fig. 7, and the rolling moment 
on the wing alone was measured with a balance. The body 
was of constant cross-section in the vicinity of the wing, 
and extended well upstream so that the flow in the position 
occupied by the wing was approximately uniform and at 
the free-stream Mach number (M=1-6). 

Two wings were tested. The first had the rectangular 
plan form shown in Fig. 7, and the measured rolling 
moment is shown in Fig. 3 (r, being taken as 1-5 in.). It is 
seen that the measured value lies slightly above that for 
the flap giving constant pressure equal to that for two- 
dimensional flow or for a flap mounted on an infinite 
plane wall, instead of between this value and that for the 
circular body and flap as was expected for the configuration 
tested. This discrepancy does not occur if oblique-shock 
theory is used to calculate the rolling moment produced by 
the “two-dimensional” flap (see Fig. 3), and is accordingly 
attributed to the use of first-order theory in the calculations. 

The second wing is shown in Fig. 8, and had swept 
leading and trailing edges, the leading edge being just 
subsonic at the Mach number of the experiment. Because 
of the subsonic leading edge and swept trailing edge, the 
measured rolling moments for the two flap angles tested 
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(a) Plan view. (b) Front view. 


Figure 7. Arrangement for tests on a rectangular wing (4 per 
cent thick biconvex section). 


are not strictly comparable with the calculated values, but, 
as shown in Fig. 3, lie between the values for the “circular” 
and “two-dimensional” flaps near a wing with an unswept 
trailing edge. The value of the rolling-moment parameter 
is somewhat larger for the 4° flap angle than for the 2° 
angle. This is attributed to higher-order effects which are 
neglected in this method of plotting, and to the effect of 
the boundary layer on the half body. 


COMPARISONS BETWEEN THE ROLLING MOMENTS PRODUCED 
BY BODY OR NACELLE FLAPS AND TRAILING-EDGE ! 

FLAPS 
It is difficult to assess the effectiveness of the method 
of control considered in the present note in relation to, 
that of a conventional method unless specific examples 
are considered. Accordingly, comparisons are made for 
the layouts shown in Figs. 9 and 10, in each case the 
basis for comparison being the full-span trailing-edge flap 
whose area (on each surface of the wing) is equal to the 
surface area of the body or nacelle flap. Since the ratio 
of the chord to the span is small for the trailing-edge 
controls considered, two-dimensional first-order theory has 
been used to calculate the rolling moment. It should be 
borne in mind, however, that there is evidence (see, for 
example, Ref. 1) that first-order theory appreciably over 
estimates the effectiveness of a trailing-edge flap, whereas 
such evidence that there is suggests that the theory used 


in the present note tends to underestimate the effective: 


ness (see Fig. 3). 


The ratios of the rolling moments for a given control 
deflection » are set out in Table | for @—0-5 radian. 


2:67 
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Ficure 8. Arrangement for tests on a swept wing (6 per cert 
thick R.A.E. 102 section along stream). 
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Full-span 
trailing-edge flap 
of same area 
(chord = 


8=0-5 radian 


(a) Plan view. (b) Front view. 
FicurE 9. Configuration considered when comparing the 
effectiveness of body and trailing-edge flaps. 


It should be remembered that because the upper and 
lower surfaces of the trailing-edge flap contribute equally 
to the rolling moment, the equivalent trailing-edge flap 
considered has twice the effective area of the body 
or nacelle flap. A fairer comparison is, therefore, obtained 
by taking the arrangement (see Fig. 4) with two flaps on 
each side of the body or on each nacelle, with that on one 
surface of the wing deflected outwards, and that on 
the other surface inwards. If this is done, the ratios in 


TABLE I 
ROLLING MOMENTS PRODUCED BY BODY OR NACELLE FLAPS 
RELATIVE TO THOSE OF FULL-SPAN FLAPS OF THE SAME AREA FOR 
THE CONFIGURATIONS OF FIGS. 9 AND 10. 


Rolling Moment of Rolling Moment of 


Mach Body Flap Nacelle Flap 
Number Rolling Moment of Rolling Moment of 
Full-Span Flap Full-Span Flap 
1:5 0-25 0:40 
2:0 0-21 0:47 


3-0 0-17 0°53 


Table I are, in theory, doubled and the rolling moment 
of the nacelle flaps is of the same order as that for the 
full-span flap, while that for the body flaps is between 
one third and one half as great. 

The above comparison is, however, artificial in the 
sense that the absolute value of the rolling moment is of 
greater practical interest than the value relative to that 


6 
5 
x 4 
‘3 
~ ~Nace//p 
Fig 
| 
2°0 aS 30 
Mach number 
FicurRE 11, Rolling moment coefficient per degree of flap 


deflection for the configurations of Figs. 9 and 10 with 6=0°5 
radian. 

L 

4p, U? Sb 

L=rolling moment (both wings) 


S=gross wing area (both wings + projection through fuselage) 
b=total wing span (both wings) 


C, where 


Full-span 
Flap 
of same area 


(chord = @) 


(a) Plan view. (b) Front view. 
Figure 10. Configuration considered when comparing the 
effectiveness of nacelle and trailing-edge flaps. 


produced by an equivalent trailing-edge flap whose chord 
becomes very small for the case of the nacelle configur- 
ation. Accordingly, values of the rolling moment coefficient 
C, produced by the body and nacelle flaps are given in 
Fig. 11 for comparison with values attainable by other 
methods of control. The values plotted can again, in theory, 
be doubled by using flaps on both surfaces of each wing. 

Increase of aspect ratio improves the relative effective- 
ness of nacelle flaps, and reduces that of body flaps. 
Because of its effect on the wing area subject to the pressure 
field of the control, trailing-edge sweep would be expected 
to improve the effectiveness of body flaps, and to reduce 
that of nacelle flaps. In certain cases the rolling moment 
could probably be increased by moving the flap forward 
(see Fig. 1) along the fuselage or nacelle so that a greater 
or more outboard area of the wing is subject to the pressure 
field. 


CONCLUSION 

The practical utility of the method suggested in this 
note clearly depends on several factors. From the 
structural point of view the method appears at first sight 
to have advantages, but these may be offset by aerodynamic 
considerations such as inadequate effectiveness or high 
drag. The question of drag has not been considered here, 
and appears to depend considerably on the configuration 
at the trailing edge of the control (e.g. whether there is a 
blunt base, as in the examples sketched, and if so whether 
air is bled into the base region, or whether a fairing is 
used behind the base). The fact that an alternative control 
system would be required at subsonic speeds must also 
be considered, and as suggested above it is possible that 
body or nacelle flaps might be used to supplement such a 
system in the supersonic part of the speed range in order 
to increase effectiveness or reduce load concentrations. In 
addition to providing control in roll, flaps of the type 
described could in principle be used near fixed fins or 
tailplanes to provide control in yaw or pitch. 

The above questions can only be settled by further 
experiments and by design studies on particular configur- 
ations operating over particular ranges of Mach number. 
Whether or not this effort is justifiable appears to depend 
mainly on how satisfactory the alternative methods of 
control for supersonic flight are considered to be. 

This work was carried out in the Aerodynamics 
Division of the National Physical Laboratory, and is 
published on the recommendation of the Aeronautical 
Research Council and by permission of the Director of 
the Laboratory. 
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A Note on One-Term Approximate Solutions for Non-Linear Vibration Problems 


by 


S. MAHALINGAM, B.Sc.(Eng.), Ph.D. 
(Department of Mechanical Engineering, University of Ceylon) 


EVERAL METHODS are available for the solution 

of problems of forced vibration of systems with non- 
linear elastic characteristics. Of these, the Martienssen, 
Den Hartog and Rauscher methods may be applied even 
if the restoring force characteristic is only known graphi- 
cally, while the Duffing and Perturbation methods are only 
applicable when the restoring force characteristic is 
expressed in a convenient mathematical form. Successive 
approximations are used in the Duffing, Perturbation and 
Rauscher methods and therefore any desired degree of 
accuracy can be obtained. The Den Hartog and 
Martienssen methods give a two-term and_ one-term 
solution respectively. 

One-term solutions have the advantage of simplicity, 
and are usually sufficiently accurate, since, for the elastic 
characteristics considered in practice, the exact solution is 
generally dominated by the first term even in cases of 
marked non-linearity. This feature has been discussed by 
Ludeke"’. Recently a new’ one-term approximate 
solution’) was put forward by the author and the object of 
this note is to compare the method with the Martienssen 
and Duffing methods. It is shown that the author’s 
method, while having the simplicity and range of appli- 
cation of the Martienssen method, can give the same result 
as the one-term solution of the Duffing method. 


NOTATION 
a, amplitude of vibration 
@ constant 
A,,A,,etc. Fourier coefficients 


m_ mass of body subject to vibration 
p_ frequency of impressed force 
P amplitude of impressed force 
t time 
x displacement of mass 
x) assumed first approximation for displacement 
x@) second approximation 
af(x) non-linear component of restoring force 
characteristic 
«® natural circular frequency of linear system 


RELATIONSHIP BETWEEN APPROXIMATE SOLUTIONS 
Consider an equation of the form 


x +0°x+2f (x)=P cos pt (1) 


where af (x) is the non-linear component of the restoring 
force characteristic. In the Martienssen method a solution 
xX=a, cos pt is assumed, and the amplitude a, is chosen 
to satisfy the equation at pt=0, z/2, giving 


(p?-*)a,-af(a,)+P=0 . (2) 


Graphically the solution is obtained by the intersection 
of the spring characteristic y=w*x + af (x) and the straight 
line y=P+p*x. The weakness of the method lies in the 
fact that it does not take into account the shape of the 
restoring force characteristic between the points pr—0 
and pt=/2. 
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In the Duffing method, equation (1) is written for 
iteration as 


x) + p?x™ =(p? x af (x) +P cos pt 


where x‘ is an assumed first approximation and x@) js 
the second approximation given by the method. Substitu- 
ting x‘°=a, cos pt in equation (3) gives 


+ p?x") =[(p* w?) a, +P] cos pt — af (a, cos pt) (4) 


If f (x) is odd then the function f (a, cos pt) of period 22/p 
can be expanded as 


f (a, cos pt)=A, (a,) cos pt+ & A,,_,(a,) cos (2n — 1) pt. 
n=2 


In equation (4) the coefficient of cos pt on the right- 
hand side must be equated to zero, otherwise an infinite 
amplitude is obtained for the cos pt term in the second 
approximation x"'). This gives 


(p> -*)a,-2A,(a,)+P=0 . AQ} 


from which the amplitude a, may be determined. The 
similarity of form of equations (2) and (5) was pointed 
out by Roberson“? and for the case f (x)=. (m odd) he 
showed that the results given by (2) and (5) were 


(p? — *) a, za," +P=0 
(p? w*) a, cza," +P=0 


where c is a constant depending on m. 

The author’s method is based on first solving the 
problem of free vibrations and then determining the 
amplitude of forced vibration using a simple equation. 
The amplitude-frequency relation for free vibrations is 
easily obtained by exact methods for cases like f (x)=.", 
bi-linear characteristics and so on and by Brock’s Iteration 
method‘) where the restoring force characteristic is only 
known graphically. Now, if f(x)=0 in equation (I) 
(i.e. a linear system) the solution is given by 


w?a=P + pa. 
When f(x)+0, the solution suggested by the author is 
Wa, 7a, =P + p?a, (6) 


where a, is the frequency of free vibrations of range 
2a,. The solution is obtained graphically by the inter- 
section of the curve y=w,?x and the straight line 
y=P-+p’x. It is to be noted that the method of solution 
is similar to that of Martienssen, but the curve used is such 
that if P—0, i.e. for free vibrations, it gives an exact value 
of half the range of vibration. The term ©, in equation 
(6) is an integrated quantity and thus the solution takes into 
account all the features of the restoring force characteristic. 
In order to compare the method with the Duffing solution, 
consider first an odd f (x). Then the amplitude-frequency 
relation for free vibrations as given by the Duffing one- 
term approximation (i.e. equation (5) with P=0) is 


2A, (a,)=0 . 


JUNE 1953 


= 
If 
D 
1S 
SF 
Vi 
! 
| 
Fé 
> 
Co 
a 


TECHNICAL NOTES—S. MAHALINGAM : J. SCHMIDTMAYER 451 


Substituting (7) in equation (6) we get 
(p? w*)a,- 2A, (a,)+P=0 . (8) 


which is, in fact, the Duffing one-term solution for forced 
vibrations given by equation (5). 


For an even function f (x) we have 
f (a, cos pt)= A, (a,)+ & A,,(a,) cos 2npt. 
n=1 


Assuming x°)=a,coswa,t, the equation for free 
vibrations may be expressed in the iteration form as 


+00, =[(Wa,? COS Wa, t- 
a[A,+A, cos 20. t+....J 
If z is small and only a one-term solution is considered 
(wu : (9) 


If (9) is now substituted in equation (6) we obtain the 
Duffing one-term solution for forced vibrations. 

Another example is the symmetrical spring character- 
istic given by («*/z)sinh (zx). Here defines the non- 
linearity of the system and when z—>0 we get a linear 
spring of stiffness w*. The equation for the forced 
vibration of the system is 


¥ + sinh pt .. (10) 
Z 
This can be written for iteration as 
— “sinh (xx) + P-cos pt (11) 


Assume x“") =a, cos pt. 
Since 


sinh (za, cos pt)=2 X 1,,_,(za,) cos (2n — 1) pt 
n=l 

where I, (za,) is the modified Bessel function of the first 

kind of order m and argument za,, on substituting in 

equation (11) we get a, from the relation 


pea, (za,) +P =0 


It is easily seen that this result can be obtained by 
combining the problem of free vibrations, i.e. P—0, with 
equation (6), 


When damping is taken into account equation (1) 
becomes 


X +AX +w°x + af (x)=P cos (pt +9) 


When f(x) is odd, the Duffing one-term solution is 
obtained from 


(w? — a, + 2A, (a,)=P cos | 


(13) 
Apa, =P sin 
The same solution is given by the equations 
(wa ? — p?) a, =P cos 


Apa, =P sin o| 


given in Ref. (2). Similarly, when damping is introduced 
into equation (10), the solution is also given by (14). 


In the illustrations given above the .«, considered was 


that given by a Duffing one-term approximation, and the 
use of the author’s method led to the Duffing one-term 
solution for forced vibrations. But, since equation (6) 
requires the use of an exact w,,, it would be of interest to 


know the relationship between a solution thus obtained 
and the maximum displacement given by a Duffing multi- 
term solution. Unfortunately, owing to the complex 
relationship between the coefficients of a Duffing multi- 
term solution, this information is not easily obtained. 
However, experimental and other evidence quoted in 
Ref. (2) shows that the author’s method has a high degree 
of accuracy. 
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Linear Computations over a Complex Field 


JOSEF SCHMIDTMAYER 
(Electrotechnical Faculty, Czech Technical University, Praha, Czechoslovakia) 


WO METHODS are given concerning the following 

problems of linear algebra over the field of complex 
numbers (or, less rigorously, linear problems with complex 
Coefficients) : the solving of a system of linear algebraic 
€quations, the inversion of a matrix and the evaluation of 
a determinant. The second method is especially suitable 
for use with computers. In addition to the usual numerical 
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checking, the second method also provides an effective 
form check. 


1. INTRODUCTION 

A numerical solving of the fundamental problems of 
linear algebra (i.e. solving of systems of linear algebraic 
equations, inversion of matrices and evaluation of deter- 
minants) may be unwieldy for work in the field of complex 
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numbers. Full advantage cannot then be taken of modern 
computers, such as DEUCE. 

The two methods described here make it possible to 
remove all difficulties arising from the complex nature of 
the number field used. The first method is well known, 
but it is explained briefly because its use deserves some 
additional remarks. 

The second method is based on the matrix repre- 
sentation of a complex number'!): ‘”) 


x, -y 
defining an isomorphism between the set of all complex 
numbers and the set of corresponding matrices. 

Relation (1) enables us to go over to the field of real 
numbers only and to make full use of various numerical 
methods and computers. 

In connection with the relation (1) we may slightly 
modify the ancient proverb: Tempora mutantur atque 
instrumenta in illis.* Relation (1) is well known and was 
formerly used in pure mathematics mainly for the transition 
from a matrix 


Ly, x 
to the complex number x+iy. See for example Voigt’s, 
Drude’s and Baltzer’s evaluation of special determinants, 
Voigt, Drude and Baltzer worked with determinants of the 
type 


| ab 
| -5 a -d C | 


where a, b, c,... . are real numbers. They showed that 
such a determinant can be evaluated in a certain way by 
means of the determinant 


+ib, c+id,.... 
| P+ig, rt+is, .... 


with complex elements. (They were fortunate men: they 
need not have computed numerically). They proceeded in 
a certain way. In our problem, we are going just in the 
opposite direction (see the proverb); it is, from the 
numerical standpoint, far more advantageous. The advent 
of computers facilitates the reversed procedure. 

Relation (1) was used by several authors in connection 
with isolated complex numbers or matrices, especially in 
electrical engineering’, but rather as a curiosity and never 
as a tool for systematic work. Nowadays a growing 
interest in this method is apparent. 


2. THE FIRST METHOD 
Consider a system of m linear algebraic equations in 
n unknowns z, over the complex number field F, 
n 


Pati=@ j=1,2,..5m,. (2) 
=1 


where p;, is an element of Fy 


and ib;,, 
Pix: iat ik j=1, 3 
+1V;, 


Pa i, 


*Times are changed and instruments with them. 


The numbers Yes Uj, Vj are real, i.e. they are 
elements of the field of real numbers Fy. 

If we substitute from equations (3) in equation (2) we 
get a system of m equalities between complex numbers, 
Hence follows a system of 2m equations in 2n real 
unknowns 


=Un, 


(4) 


+ +4,,y, +-- 


. 


Now we introduce the following notation: — 


p — matrix of the system (2), 

Pug — augmented matrix of the system (2), 
P — matrix of the system (4), 

P..., — augmented matrix of the system (4), 


where 
“PQ 

and a=[a,], (Ta) 

finally, for completeness, 
z=[z,J=x+iy, x=[x.], y=[y.], - (7b) 
q=[g]J=u+iv, v=[v], (0 


The following theorem is of fundamental importance 
for the solution of system (2) by means of system (4):— 
Theorem 1: System (2) and equations (3) are equivalent 
to system (4) and equations (3). 

If r denotes the rank of the matrix p, then 2r is the 
rank of P. If, further, in the matrix p there are r rows 
with the indices j,<j,<...<j, linearly independent 
over F,,, it follows for the rows of P that 

(a) the row j,,...,j, together with the row 

(m+j,),...,(@m+j,) are linearly independent over 
R 
(b) the remaining rows are linear combinations over 
F,, of the rows of (a). 

A similar conclusion holds for the augmented matrices, 
and for the columns of all the matrices concerned. 
Proof: The equivalence is obvious from the nature of 
system (4). As far as (a) is concerned, this follows 
immediately from a detailed expression of the condition 
for linear independence. 


241. Cae 

In this case the square system (2) has a unique solution. 
By means of equation (7) system (2) may be represented 
by a single matrix equation 


or (a + ib) (x + iy)=u + iv. 
Equation (9) can be satisfied only if 
ax — by=u, 
and bx+ay=v, simultaneously; . 
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or, again in matrix representation, 
= 11 
je. concisely, PZ—Q. (12) 


Theorem 2: If r=Prgug=m=n, then the unique solution 
pe See of the system (2) is given, as far as the 
operations used are defined, by 

Z=x+iy, : (13) 
where 


x—(a+ba~'b)-'u+ (a+ (14) 
y= + (a+ ba~'b)"'v. 


Proof: Assuming that all the inverses used exist, equations 
(14) follow from equations (10) by elimination. 


22. Appreciation of the first method 

The greatest advantage is that system (4) can be solved 
by means of submatrices a, b, u, v. 

A great disadvantage lies in the restriction imposed on 
aand (a+ba-'b). For example, even if the matrix P is 
regular, both a and b can be singular and equation (14) 
is without meaning. Furthermore, the submatrix procedure 
cannot be used with advantage for rectangular systems 
and especially if nothing is known about r and r,,,,. These 
circumstances do not favour the direct solving of system 


(4). 


3. THE SECOND METHOD 
3.1. Solution of a system of linear algebraic equations 
It is well known that a complex number 


Z=x+iy 
may be represented by a square matrix 


A 


over F,. We express this reciprocal correspondence (an 
isomorphism)* concisely by 


(2) 


It is therefore possible to represent the original system (2) 
by a system of matrix equations 


n 


with 
a Di; — — Vj 
Pi, : ] | q;- 
K=¥,2, n 
(18) 
or shortly « (19) 
where 
(20) 
my? any b,, Qin 


*Tha 

The main consequences of this are as follows: 

if z,, z, are arbitrary complex numbers, and z,, z, their matrix 
representations, then 


Q*=[fe) . . . 


Theorem 3: System (17) and equations (18) are equivalent 
to system (2) and equations (18). 

If r denotes the rank of the matrix p, then 2r is the 
rank of the hypermatrix P*. If further, in the matrix p 
there are r rows with row indices j,<j,... <j, linearly 
independent over F,, it follows for the rows of P* that 

(a) the rows 2j,-1, 2j,,..., 2j,-1, 2), are linearly 

independent over Fy, 

(b) the remaining rows are linear combinations over 

F,, of the rows of (a). 

A similar conclusion holds for the augmented matrices, 
and for the columns of all the matrices concerned. 

System (17) can be solved by a reduction of P* to the 

unit matrix, or to a matrix with unit or zero diagonal 
elements and with zero elements at least below the main 
diagonal (depending on the rank of the matrix). 
Proof: The matrix P* differs from the matrix P of 
equation (6) only in a regrouping of its rows and columns. 
Therefore we may apply Theorem 1. P* can be reduced 
to a unit matrix by premultiplying it by convenient 
regular matrices, which is equivalent to corresponding row 
regroupings. 

Note.—By this procedure we get from the matrix Q” 
the matrix of the right-hand sides of the reduced system. 
It will evidently suffice to work only with the first column 
of Q”, since we obtain there successively the real and 
imaginary parts of all right-hand sides wanted (see Tables 
I and II). 


Example (i) 
Solve the system 
(2+ 4i)z,+ 6z,+(1-2iz,= -3+42i, 
(1+ 2i)z,+ 3z,- iz= i, (x) 
(5 + 10%) z, + 15z, - (3 + Si) z,= - 13+ Si. 
The reduced system (see Table 1) 
z, + (0-6 1-21) z, =0-4+ 
Z,=1, is obtained. 
Hence the solution is 
z, = (0-4 + 1-21) + (0-6 1-24) z., 
z, = arbitrary parameter, 


The system (z) has a rank r=2. 


3.2. Inversion of a matrix 

Consider a complex regular matrix p and the corres- 
ponding real regular matrix P*. By applying the 
rearrangements mentioned in Section 3.1 simultaneously 
on P* and E*, where E™ is a unit matrix of the same order 
as P*, the matrix P* converts to EX and E* to (P*)"?. 
It is well known that the “hypermatricity” involved leads to 
no difficulties here. 


Example (ii) 
Solve the system 
(0-5 +0-5i) z, + (0-5 - 1-5i) z, +(1-5+0-Si) z,= - 1 
0-5i z,+(0-5 0-51) z, + (l-i)z,= 
(0-5 +4) z,+(2:5+0-Si)z,- (9:5-3i2z, 2-i 
and compute the inverse of p. From Table II it follows 


that the rank of the system (8) is r=r,,.=3. The unique 
solution is 


z,— — 394-207, z.= 


-974205i, z,= —52-—10i. 
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TABLE I 
Check] 
| | 
PRESCRIPTION | | | V4 | 1s | = | 
rowindicated | p, | | -2 | | +O | O | @ | -2 | 
! | —2 | 3 0 | 1 | =" 0 
Pio | | 5 | | | 5 0 
O14 a, | | | | i... | 0 
Bis || | | 2 
Ors Pic | | 0 | 0 | 
| | | | | 
Die [06 | | 0-4 —36 || 0 
Q21 || | | | 0 | | 
| | | | | 5-5 | 0 
Q1,—9°4 Qos | l | | 06 0-4 | 0 
x (—2) Dox | | | | 0 
05; -0-57[-0-5; 0 0 
p-i=| 8+58i, -40-70i, -14+42i]° 0: 0: 
33+ 91, -46+ - 2+8i so that 
- = | p | =(0-5 + 0-5i) (- 0-5)? =0-125 + 0-125i. 


3.3. Evaluation of a determinant 

For this evaluation it is necessary to expand the 
“hyperdeterminant” by matrix-elements (of order two) of 
a row or a column. 

If we start with the expansion of P* by the matrix- 
elements of the first column, having p,, +0, we must first 
change p,, into a unit matrix. It can easily be shown that, 
working strictly in accordance with the prescriptions given 
on the left-hand side of Table II, the rearrangements used 
are equivalent to the usual special expansion of the deter- 
minant (as a “hyperdeterminant”) by matrix-elements of 
its first matrix-column. 

It follows that the determinant | p | will be represented 
by the product of the matrices p,,, the matrix arising in 
Q,; and 9,, from p,, and the matrix arising in @,, and 
Q;, from p,,. 

Example (iii) 

Evaluate the determinant | p| in example (ii). Table 

II shows that 


Note 1. The foregoing rule holds only if we work 
strictly in accordance with Table II. 

Note 2. When only the value of the determinant is to 
be computed, we need not change the matrix elements 
above the main ones to zeros. 

Note 3. As can be seen in Table II, in every odd (ie. 
in the first, third and so on) six-rowed zone all submatrices 
of order two have the same form as a matrix representing 
a complex number. This fact supplies an efficient supple- 
mentary check—besides the current row check. 


4. CONCLUSION 

The procedure for solving systems of linear algebraic 
equations, the inversion of matrices, and the evaluation of 
determinants over the field of complex numbers can be 
replaced by corresponding operations over the field of 
real numbers. 

The advantage of the second method explained here 
the possibility of a full use of computers and of all the 
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TABLE II 
| px E Q | 
"PRESCRIPTION | | ein) % Ys | Ye | | | % | M2) Vig 
row indicated QO; 0 |—0°5| 0°5| 0°5| 1 | 1 | | 1| | | 2 I —5°5 | 0 
thus p, 0 |-o5| -1 | | | | ap 0 | 
0S Os || |  {-05| 2 | | 2°5 —5°5 o | 
|| | 0 |-05; -2 | 05-05; | —35 55) 0 
| Dio | | 2 | 2 | 90 5 
No» | | |-O5| | -—05| 1] | | 
302) Qo; | | |-2°5|-10°5| 2:5 1°5| 2| | 1| 8°5 | 0 0 
| | | | | | | 1 I> —19°5 0 
Dox | | | ~ 20 27 0 
| Qo; | | 1 | | —4 | | 1 | —2| —5 11 0 | 
| || | | | Of 4] 260 | 0 
Qos On | | | | i S| | S 0 
Oss || | | | |-7 2] 8 | 2| 50 || —44 0 
pss ||| | | 10) -2 —37 6 | 
Oa; || | | 1 | | -1 | 1 | 33 | 215. || —231 
Axo | | | | | | 0 | 5| 2) 0} 1| 5 || —8°5 0 
| | | | “58 | 8 —20 75 | 
+4 | | 33 | |—46] 134 | | | 
| O13 eo | | | ttl { 6-4 —2) 2s | 


numerical methods for computation with real numbers 

only. The additional form check is also very helpful. 
The method explained is quite general and it seems to 
simpler—especially from the standpoint of various 

mathematical aids to computation—than Crout’s method’, 


almost steadily cited in both mathematical and applied 
Sciences, 
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Temperature Inequalities in the Electrolytic Tank 


A. PLATT and J. F. NORBURY 
(Department of Fluid Mechanics, University of Liverpool) 


CCURATE representation of a model field in an 

electrolytic tank requires, among other things, that 
the electrical conductivity of the liquid should be every- 
where constant. Einstein’ and Sander and Yates’) have 
discussed the importance of other possible inaccuracies, 
and have shown that by correct probe design, circuit design 
and choice of electrode materials, these may be made very 
small. This note describes very briefly some experiments, 
carried out in two shallow electrolytic tanks, which demon- 
strate that the principal error can be that introduced by 
variations of conductivity produced by non-uniformity of 
temperature distribution in the electrolyte. The point is 
of particular importance since the results also showed that 
the mechanical design of the tank can have a vital bearing 
on the achievement of uniform temperature. 

It should be remarked that uniformity of conductivity 
throughout the electrolyte requires both chemical homo- 
geneity and uniformity of temperature. The authors used 
tap water as their electrolyte, and no lack of chemical 
homogeneity was ever observed. 

During some initial checking of the potential distri- 
bution within a simple uni-directional field set up in one 
of the tanks, conductivity variations of up to 2 per cent 
over the liquid surface were observed, and these were 
eventually traced to temperature inequalities of only 1°C. 
Glasstone“ indicates that for a salt at infinite dilution, to 
which tap water presumably approximates, a change of 
1-9-2-:2 per cent in conductivity can be expected for only 
1°C change in temperature, a fact which fully explained 
the errors noted. A later experiment showed that the 
conductivity of the tap water used varied by 24 per cent 
per “C. at 16°C. 

In the tank used for the experiment it was quite easy, 
by stirring steadily for about a minute, to achieve tem- 
perature uniformity within 0-1°C, and this uniformity 
could be readily maintained by a brief and gentle stirring 
at intervals of about twenty minutes. This tank had a 
plate glass base, 8 ft.x6 ft. x4 in., and contained 1 in. 
depth of liquid. The base rested on steel pads which had 
been adjusted to give a level surface and which were carried 
in a steel framework. The ease with which temperature 
inequalities could be reduced to a permissible level by 
stirring was evidently due to the good thermal linking 
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A Standardised Method of Representing Fatigue Test Results 


M. FINE 
(Rotol Limited.) 


IGURE 1 is a set of S-N curves for DTD.150, taken 
from Rotol Structures Department Report No. 337. 

It is difficult to estimate N accurately on the flat part of 
the curve, and estimates of fatigue life by different people 
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TEC 
between different parts of the glass base afforded by the | 

steel framework beneath. 

The importance of the thermal properties of the 
structure was emphasised when a similar preliminary 
experiment was attempted in the second tank, which was 
of radically different construction. Its base was a slab 
of slate, 2 ft. 8 in. square and 1} in. thick. On this was 
fixed a Tufnol wall, 14 in. high, arranged to give a 
cylindrical liquid volume of diameter 2 ft. Serious 
inaccuracies in the experimental results were traced to ae 
temperature variations of 2°C over the surface, and of one 
41°C from the top to the bottom of the liquid, which was * 8 
4 in. deep. Prolonged stirring improved the temperature 
distribution for only a very short time (less than a minute), 
after which the original distribution was rapidly reinstated. 250 
Clearly the conduction of heat at the rate necessary to 
equalise the temperature was being prevented by the poor 225 
thermal linkage through the base, by the disproportionate 
masses of water and slate, and by the relatively large 200 
thickness of the base. Experiments were eventually 
abandoned, as the laboratory was not temperature con- 1756 
trolled and it was not even possible for a system having 
such large thermal inertia to follow the diurnal temperature 150 
cycle of the room. ‘ 

gm 

CONCLUSIONS 3 
Careful attention to the need for temperature uni- |‘ 100 

formity in a shallow electrolytic tank is required even al — 

the design stage. } 75¢ 
An experimental comparison of two different methods | 

of construction showed that a light glass base levell) 50¢ 

supported at intervals on a rigid steel frame was preferable 

to a solid slate base. The relatively large thickness required 251 

for rigidity in the latter case produced high thermal inertia 

and persistent inequalities of temperature. 
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can be very different. Fig. 1, although based on scanty "4 m 

test results, is typical of S-N curves. ‘moth 

Figure 2 is a re-presentation of the data of Fig. 1. The and Ca 
human error in reading from such curves as Fig. 2 will be The 
less than in reading from those of Fig. 1. This gain ro 
obtained by reading from Fig. 1 and will, therefore, lose 
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TECHNICAL NOTES—M. FINE: A. W. J. SMITH 
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contain some error. Thus Fig. 2 will tend to give the 


same human error for any one point whereas Fig. | will 


not. Hence curves such as Fig. 2 will be useful for com- 
parisons of fatigue life if the inherent error can be made 
This can be done by (a) carefully 
standardising conventional S-N curves and (4) expanding 


sufficiently small. 


the region near the origin in Fig. 2. 

Each of the curves of X log,, N against X may be 
represented quite accurately by a quadratic in X¥. Hence 
the fatigue life may be expressed by a formula; this is 
sometimes useful. (Fig. 2 was, in fact, produced primarily 
to give such a formula.) 

Plotting results in S*, S* rather than S, S$ is often 
useful when combined simple harmonic loadings are 
applied. Several standardised curves will be needed to 
obtain the full benefit of this representation. 
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Rear-Engined Air Liners 


by 


A. W. J. SMITH, A.R.Ae.S. 
Reply to comment by Mr, P. J. WINGHAM, published in the May JOURNAL 


WISH to thank Mr. Wingham for his clearly relevant 

criticism of the proposed noseplane layout. I would 
Suggest that the trouble which Mr. Wingham forsees might 
be avoided by mounting the noseplane as low as possible, 
‘S shown in the figure, with careful detail attention to 
‘gine positioning, alignment and air intake configuration. 
Also, the servo-plane would be relatively small and, trailing 
the air stream, cause little disturbance—surely, too, the high 
‘ar mounted mainplane now shown would exert a major 
‘moothing effect on the general air flow pattern—per Jetstar 
and Caravelle? 

The advantages, shared by the high wing rear external 
‘ngined delta, of keeping the engines well clear of the 


airframe structure, easily accessible and in efficient pods; 


“ean aerofoil surfaces; low passenger and freight loading 


0000000000000 
000000000 0 
a = 


SMALL SERVO PLANE SHOWN ABOVE NOSEPLANE. 
SERVO HINGED ON L.E., NOSEPLANE ON APPROXIMATE C.P 


platforms and excellent passenger visibility with good 
separation from engine noise and vibration, appear strong 
arguments in favour of the configuration; unless of course, 
the trouble forseen by Mr. Wingham rules it out 
completely. 
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Graduates’ and Students’ Section 


Naval Lecture 


Captain O. N. Bailey, O.B.E., Deputy Director of Air 
Warfare at the Admiralty, spoke to members about 
“Future Trends in Naval Air Warfare” on 5th May. He 
began by outlining the Navy’s role in peacetime and during 
limited and global conflicts. During peace its duties were 
policing, showing the flag and training. In limited wars 
it was to protect supply routes and provide seaborne and 
air support for ground forces. Its role during a global 
war was at present given the lowest priority, as it was 
assumed that allied nations would provide the bulk of the 
naval power. Nevertheless, carriers would play a major 
role in nuclear retaliation if Britain were attacked. 

Today the Fleet Air Arm was the main weapon of the 
fleet, said Captain Bailey. Unfortunately Britain’s financial 
state limited the number of carriers and aircraft available 
to the Navy. Only three carriers were to be operational 
at any given time; a fourth, the Bulwark, was available 
as a Commando carrier equipped with helicopters for rush- 
ing troops to trouble spots. Of the three main carriers, 
two were to be based west of Suez and one to the east. 

The Victorious was the most up-to-date British carrier; 
it would be fully operational by the end of 1958. Its 
Scimitars, which could carry nuclear weapons, would 
embark in September. This carrier had the best seaborne 
radar in the world; enemy aircraft could be detected at 
very great range. Other features of the Victorious were 
its angled flight-deck, steam catapult and mirror landing 
sight. 

Captain Bailey then surveyed the aircraft of the Fleet 
Air Arm and the roles they would play. He said that 
anti-submarine effort was being concentrated on_heli- 
copters; Gannets would no longer be used. Nuclear 
submarines could stay submerged for days and thus could 
not be detected by airborne radar. Submarine detection 
was now carried out by equipment which was suspended 
in the water by helicopter. Current helicopters were able 
to carry only the sonar gear, but later types would carry 
homing weapons as well. 

Another problem posed by the nuclear submarine was 
its speed. During exercises the American Nautilus had 
cruised submerged in company with aircraft carriers; 
underwater speeds of up to 60 knots were foreseen. 
Surface vessels could not cope unaided with such sub- 
marines. The anti-submarine frigate of the future was 
likely to be another submarine. 

Fighter protection of the Fleet would depend on Sea 
Vixens and Scimitars. Current surface-to-air missiles had 
insufficient range to intercept bombers carrying stand-off 
bombs and were also ineffective against low-flying aircraft. 
Airborne early-warning of enemy attacks would be 
provided by a special version of the Gannet. 


Cancellation of the S.R.177 fighter had reduced 
defence ability at very high altitudes. Development of the 
Firestreak air-to-air missile to attack high-flying aircraft 
was planned. Firestreaks would be carried by both the 
Sea Vixen and the Scimitar. 

In the strike role there were the Scimitar and the 
N.A.39. Both could carry nuclear weapons and the N.A.39 
could make long-range strikes flying at very low level. 


1958/59 Committee 


The new members of the committee were given last 
month. The full committee, subject to approval by 
Council, consists of :— 


J. R. Cownie (Chairman), Graduate, “The Aeroplane” 

P. D. Stewart, Graduate, B.O.A.C. 

A. R. M. Pickering, Student, Southampton University 
(Vickers-Armstrongs (Aircraft) Ltd.) 

P. T. Ross, Graduate, B.E.A. 

G. E. Deadman, Graduate, Ferranti Ltd. (London) 

M. ». Laker, Student, Hawker Aircraft Ltd. 

B. N. Tomlinson, Student, Imperial College 

C. Jones, Student, Blackburn and General Aircraft Ltd, 
Brough 

J. Gibbins, Student, Imperial College (Bristol Aircraft 
Co. Ltd.) 

W. G. Wilson, Graduate, Fairey Aviation Ltd. 


Visits—Gatwick 

We have arranged for a visit to the new London Airport 
at Gatwick on Wednesday 16th July at 7 p.m., which 1s 
soon after the opening date. Those wishing to take par 
should write to the Hon. Visits Secretary, Mr. N. K. Benson, 
14 Wakering Road, Barking, Essex. 


Local Representatives Wanted 


Members of the Graduates’ and Students’ Committee 
are listed above; inevitably not all companies and colleges 
are represented. We should be very pleased if a graduate 
or student from each company or college which does not 


have a member on the committee would volunteer to ac © 


as its local representative. 

Such representatives could help the committee greatl} 
by publicising the Section’s Lectures, Visits and Social 
Events and by keeping the committee informed about the 
views of local members. 

Will those members willing to represent the committee 
in this way please send their names and addresses to J. R. 
Cownie, 40 Sherwood Avenue, Marshalswick, St. Albans, 
Herts. 
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Reviews 


THREE STEPS TO VICTORY. Sir Robert Watson-Watt. 
Odhams Press Ltd., London, 1958. 474 pp. Illustrated. 63s. 

Interwoven among the 474 pages of this book is a 
fascinating story, but' the reader must be patient in that 
it takes some unravelling and piecing together. All who 
know the famous author of this book realise that he had 
a responsibility to write the story of radar, and in the 
intervening years we had looked forward to its publication 
rather as One does to opening a bottle of vintage cham- 
pagne. Unfortunately, now that the bottle is open, it is 
clear that it has not been treated with the care one could 
reasonably expect. Although the vintage liquor is there 
and can be tasted, it is impossible to get it without 
consuming large quantities of unwanted froth. 

The three steps to victory are the use of the cathode 
ray tube for instant presentation of radio directional 
information, radar, and operational research. The author 
claims the first two as exclusively his own ideas and the 
last as a joint brain child of himself and one or two of his 
radar co-workers of the early days. 

The first chapters of the book are devoted to a detailed 
history of the early life of Watson-Watt. From this one 
gathers that he was an outstanding child—his school 
mistress said he was her “most brilliant scholar ever.” 
After nearly becoming the editor of the Glasgow Herald 
he went on to the University College of Dundee, and at 
this point it is not clear whether he took a degree in 
electrical engineering or physics. He joined the Meteoro- 
logical Office and was stationed at the Royal Aircraft 
Factory (now Royal Aircraft Establishment) in 1915 where 
he made his first “victory” invention, the application of 
cathode ray tube display to radio direction finding, while 
working on methods of locating thunderstorms. The idea 
could not be brought to fruition until 1922 because of the 
lack of suitable cathode ray tubes. Some insight into 
the scientists working at “the Factory” (R.A.E.) in the 
early days is given on pages 42-43. The story of radar 
begins in Chapter 15 and at this time Watson-Watt was 
with the Department of Scientific and Industrial Research. 
The story of “death rays” has its place, followed by the 
famous paper on “Detection of Aircraft by Radio 
Methods” which was really the beginning of radar in this 
country. Apart from details of the early experiments 
conducted by Watson-Watt and Wilkins with all their 
fascination—and politics—there is an account of the state 
of radar developments in other countries. In the U.S.A. 
pulse radars gave 8} miles range in April 1936, and in the 
same year in Germany a range of 28 kilometres was 
obtained. German radars detected the first British raid 
on Heligoland Bight at 70 miles range in December 1939. 
Watson-Watt’s team achieved 58 miles range in September 
1935 and by the end of that year the Treasury had given 
financial sanction for the erection of five stations—the 
beginning of the all-important “radar chain” of stations 
which was about ready by the time the war started in 1939 
—and for this vital step Watson-Watt shows that he 
deserves full credit. 

__ Dealing with operational research, the author gives what 
is probably the best description ever written of a “Boffin,” 
distinguishing him from the Back Room Boy, and suggests 
that operational research is a direct outcome of radar. 
Thereafter he goes on to cover the many wartime appli- 
Cations of radar, and ends with a lurid account of his case 


against the crown for monetary compensation for his work. 
A great deal of the book throughout is devoted to passing 
shots at others who might have been thought to have played 
a part in radar and, as one reviewer so aptly put it, “this 
book establishes beyond doubt that Sir Robert Watson- 
Watt had a vital influence on radar, but what makes it so 
interesting as a human document is the influence of radar 
on Watson-Watt.”—F. E. JONES. 


THEORIE SCHALLNAHER STROMUNGEN. K. G. 
Guderley. Springer-Verlag, Berlin. 1957. 376 pp. In German. 

The author has been working on the theory of transonic 
flow for about 15 years and has been responsible for many 
of the advances in the subject. This book is a summary 
of this work, which has hitherto been available only in 
reports difficult to obtain. 


The book will not be of immediate value to the aero- 
nautical engineer, since few comparisons with experiment 
are given. However, the good agreement of experiment 
and theory is often referred to as a justification for 
neglecting viscosity and using the small perturbation theory, 
which forms the subject of the book. 

After a brief introduction to the theory of inviscid 
compressible flow there is a short discussion of the tran- 
sonic similarity law followed by a chapter on the linearised 
theory for near-sonic flow and its shortcomings. The 
author then devotes seven chapters (260 pages) to the two- 
dimensional case and one chapter (30 pages) to the axi- 
symmetrical case, which probably reflects the state of our 
knowledge. In two dimensions the hodograph method 
provides a powerful tool for solving the non-linear 
transonic potential equation by reducing it to the linear 
Tricomi equation. Accordingly the properties of its 
solutions are discussed in great detail, which is very helpful 
when finding solutions of practical problems. Such 
solutions can usually be obtained only by numerical 
methods. Next, some flow fields are described with a free 
stream Mach number of one, e.g. flow past a diamond 
section at zero incidence and at incidence, and the flat 
plate at incidence; the pressures and forces are calculated. 
A further chapter is devoted to flows at a Mach number 
near one. Among the examples treated here are the flow 
past a diamond in a choked tunnel and the calculation of 
lift and drag of a diamond section (Vincenti-Wagoner). 
In a further chapter on special problems leading to the 
Tricomi equation the author states that a smooth super- 
sonic flow field completely surrounded by a subsonic field 
is mathematically impossible. Singularities (i.e. in practice 
shocks) are always present. In the chapter on axi- 
symmetrical flows the author uses asymptotic expansions 
of the solutions and some properties of the two-dimensional 
case which can be transferred, in order to discuss the 
general properties of the flow fields and to give some 
illuminating sketches. 

The author has achieved his goal—‘to introduce the 
aerodynamicist to the mathematical methods and the 
theoretical results and the mathematician to the mathe- 
matical problems” posed by transonic flow. May this 
induce some able mathematician to close the existing gaps, 
to simplify the theory by introducing new ideas, and 
perhaps to solve the more important axi-symmetrical 
problems !—K. W. MANGLER. 
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DYNAMIC INSTABILITY: AUTOMOBILES, AIRCRAFT, 
SUSPENSION BRIDGES. Y. Rocard. Crosby, Lockwood and 
Son, London, 1957. 218 pp. Illustrated. 45s. 

This book is a translation by M. L. Meyer of Professor 
Rocard’s L’Instabilité en Mécanique, published in Paris in 
1954. As its sub-title indicates, the practical problems 
which are discussed as examples of general theory are 
concerned with wheeled vehicles (automobiles), suspension 
bridges and aircraft. The last topic is of particular 
relevance here and the subjects treated are the critical 
speeds of aircraft wings, stability of undercarriages and 
the longitudinal stability of aircraft in flight. 

The book begins with four chapters on basic theory 
covering seventy pages. These are headed: Simple 
Harmonic Oscillations, Conservative Systems with Two or 
More Degrees of Freedom, Non-Conservative Systems with 
One or Several Degrees of Freedom—Instability and 
Elementary Examples of Unstable Mechanical Systems 
with Two Degrees of Freedom. The two examples 
discussed in this last chapter are, first, a rigid flat plate, 
hinged in pitch and roll, and situated in an air stream 
and, second, the rolling of an articulated carriage with 
applications to the landing gear of an aircraft. These 
chapters are quite elementary and will be read with ease 
by any trained engineer. The fifth chapter of twenty-two 
pages is concerned with the directional stability of auto- 
mobiles, while the sixth chapter is headed “The Instability 
of Suspension Bridges under Wind”; with its three 
Appendices this chapter occupies nearly half of the book. 
Chapter Six should be reviewed by someone who is expert 
in the aerodynamic instability of suspension bridges (which 
the present reviewer is not), but the impression left with 
the reviewer is that, while the mechanics is adequate at a 
fairly elementary level, the aerodynamics is inadequate. 

So far as aeronautical readers are concerned, the two 
final chapters will be of chief interest. The first of these 
is headed “The Critical Speeds of Aircraft Wings.” This 
contains a brief and very elementary account of flutter in 
two degrees of freedom and contains nothing which was 
not well known to students of the subject in 1930. The 
final chapter is called “The Longitudinal Stability of Air- 
craft.” Since this covers less than six pages and is based 


on an incomplete and misleading theory, it will not be of 
much value to aeronautical engineers.—w. J. DUNCAN, 


ELEMENTS OF HEAT TRANSFER. M. Jakob and G. 4, 
Hawkins. Chapman and Hall, London, 1957. 317 pp. 
Illustrated. 45s. 

This book, first published in 1942, and now appearing 
in a third edition, is primarily an introduction to the 
subject of heat transfer as it appears to the mechanical 
engineer. It is particularly suitable for undergraduates, 
since the treatment is simple yet rigorous; however, because 
of the large number of graphs, tables and worked examples, 
the book can be used by a designer who just wants to 
find out how to carry out a particular problem but has 
insufficient time to read up the whole subject. 

The subject matter is relatively conventional. [t 
includes data on thermal conductivity, one-dimensional 
steady heat conduction (resistances in series, lagged pipes, 
and so on), the heat exchange equations (parallel, counter 
and cross flow), fins, dimensional analysis of forced and 
natural convection, Reynolds Analogy, condensation and 
boiling, the laws of radiation, and an introduction to mass 
transfer. 

The authors appear to have decided, probably rightly, 
that their readers would be worried by partial differential 


equations. They therefore deal with steady two- 
dimensional and unsteady one-dimensional conduction 
primarily by means of finite diiference equations. These 


have the advantage that they are easily understood by 
engineers with little mathematical knowledge and that they 
are amenable to solution by simple arithmetic. The 
numerical procedures are clearly described and in parti- 
cular form a good introduction to relaxation methods 
generally. 

The aeronautical engineer will probably be least satisfied 
by the sections on boundary layer theory, where the treat- 
ment is rather too crude to act as a satisfactory foundation 
for the student’s later study of more advanced texts. Heat 
transfer at high Mach numbers is only briefly mentioned. 
The section on electric analogues may also cause readers 
some difficulty. Otherwise, however, the book can be 
highly recommended as a well-thought-out and lucid intro- 
duction to the subject.—pb. B. SPALDING. 


Additions to the Library 


Aerodynamische Profile. F. W. Riegels. R. Oldenbourg, 
Munchen. 1958. 278 pp. 138 DM. To be reviewed. 

Aircraft Year Book 1957-1958. Aircraft Industries 
Association. American Aviation Publications, Wash- 
ington. 432 pp. 6 dollars. The official publication of 
the Aircraft Industries Association of America, this 
reference volume is now in its 39th Year. The size 
has changed from 9 in. by 6 in. to 114 in. by 8 in., 
presumably for advertising reasons. The arrangement 
has changed as well and all this is a little irritating to 
anyone who has used the volume for reference purposes 
for many years and has been able to find any pieces 
of information almost without using the index. This 
standard reference book of U.S. aviation contains: 
A pictorial review of the outstanding aviation events 
of 1957; Photographs, specifications, and 3-view draw- 
ings of aeroplanes, engines and missiles currently in 
production; A summary of aircraft industry and airline 
operations for the year; A survey of aviation activities 
in the Department of Defence, Air Force, Army, Navy 
and other government departments and agencies; A 
digest of aircraft and missile research and development 
progress; A chronology of American aviation history 
from its beginning to the present day. 


Analysis and Control of Nonlinear Systems. Y. H. Ku. 
Ronald Press Co., New York. 1958. 360 pp. 10 
dollars. Intended to provide electrical and mechanical 
engineers, physicists, and applied mathematicians with 
a practical and up-to-date account of the available 
techniques for the analysis and control of non-linear 
physical systems. Suitable as a textbook in a course 
of non-linear circuit analysis for Graduate and Post- 
Graduate Students in electrical and mechanical engin- 
eering, includes 120 problems and over 700 references. 

Aslib Directory. Vols. I and II. Miriam Alman 
(Editor). Aslib, London. 1957. 100s. The first volume 
consists of indexes and appendixes to the second which 
is a guide to information sources in the United King: 
dom. This is largely an alphabetical list of libraries in 
this country with relevant details such as nature of 
library, stock, lending conditions and so on. 

Aviation Business, The. Elsbeth E. Freudenthal. 
guard Press, New York. 1940. 
“From Kitty Hawk to Wall Street” and written in 1940. 
this book traces the economic and financial develop- 
ment of aviation as an industry; it was recently 
presented to the Library by the Institute of the 
Aeronautical Sciences. 


341 pp. Sub-titled 
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Derek Hervey. Cassell, London. 1958. 

10s. 6d. Viscount, The. Derek 
Hervey. Cassell, London. 1958. 106 pp. Illustrated. 
10s. 6d. The first two volumes in Cassell’s new 
“Famous Airliner’ Series, which takes Aircraft Identi- 
fication books a step farther. Where one is used to 
pocket books which give the important details of several 
aircraft, this service tells in each volume of one parti- 
cular machine. The story of the aeroplane is given as 
well as its vital statistics; includes variations in the 
basic design and tables and appendixes showing other 
interesting details. 

Causes and Prevention of Corrosion in Aircraft. T. C. E. 
Tringham. Pitman, London. 1958. 124 pp. Diagrams. 
25s. To be reviewed. 

Combustion—An Aeronautical Science. FF-19. H. W. 
Emmons. I.A.S., New York. 1958. 36 pp. The 1958 
Minta Martin Aeronautical Lecture of the Institute of 
the Aeronautical Sciences. 


Britannia, The. 
116 pp. Illustrated. 


Commercial Pilots’ Handbook. Vol. I. Private and 
Commercial Licences. R. E. Gillman. Pitman, 
London. 1958. 227 pp. Illustrated. 25s. To be 
reviewed. 


Danger in the Air. Oliver Stewart. Routledge and Kegan 
Paul, London. 1958. 194 pp. 28s. To be reviewed. 

Dynamical and Physical Meteorology. G. J. Haltiner 
and F. L. Martin. McGraw-Hill, London. 1957. 470 
pp. 75s. To be reviewed. 

Economic Outlook for European Air Transport, The. 
S. Wheatcroft. Paper read in Rome 1958 before Centro 
per lo Sviluppo dei Trasporti Aerei. Includes text of 
the lecture and discussion in English and Italian. 

Experimental Light Aircraft and Midget Racers. J. 
Underwood and J. Caler. Aero. Publishers Inc., Los 
Angeles. 1958. 72 pp. An interesting collection, not 
altogether complete and consisting almost entirely of 
photographs of light aircraft. The photographs measure 
roughly 4 in. by 1} in.; some are good, but most are not 


very clear. 
Famous Douglas Airplanes. Douglas Aircraft Co. Inc. 
1958. This is a folder containing black and white 


artist’s impressions of Douglas aircraft, with, on the 
back of the pictures, specifications and descriptions, 
and three-view silhouettes. 

Introduction to the Dynamics of Airplanes, An. H. 
Norman Abramson. Ronald Press Co., New York. 
1958. 225 pp. 4.50 dollars. To be reviewed. 

Introduction to Theory of Random Signals and Noise. 
W. B. Davenport and W. L. Root. McGraw-Hill, 
London. 1958. 393 pp. 77s. 6d. An introduction to 
the statistical theory underlying a study of signals and 
noises in communications systems. Developed from 
lecture notes for the first year Graduate course on the 
Statistical theory of noise and modulation given in the 
Department of Electrical Engineering at the Massachu- 
setts Institute of Technology. The book contains an 
introduction to probability theory and statistics, a 
discussion of the statistical properties of the Gaussian 
random process, a study of the results of passing 
random signals and noise through linear and non-linear 
systems, and finally an introduction to the statistical 
theory of the detection of signals in the pressure of 
noise. Problems are included at the end of each 
chapter. 

Lufthavnes Kapacitat. Tom Rallis. Copenhagen, den 
Polyteknisk e Laereanstalts Laboratorium. 1958. 242 
pp. (In Danish.) An operational research on airport 
traffic-capacity problems. This comprehensive report 
includes types of aircraft, performance characteristics, 
airport geometry and equipment, air traffic control, 
airport handling procedure, current traffic data and 
methods of computing future requirements, queueing 
theory and waiting time, suggestions for the relief of 
existing airports and a bibliography of 182 references. 

My Zeppelins. Hugo Eckener. Putnam, London. 1958. 
216 pp. Illustrated. 21s. To be reviewed. 


Numerical Analysis. 2nd Edition. D. R. Hartree. 
Clarendon, Oxford. 1958. 302 pp. 42s. The second 
edition of the well-known book published in 1952 is 
an introduction to the theory and practice of carrying 
numerical calculations of various kinds. The main 
changes from the first edition are fuller treatments of 
Gaussian quadrature formula, of solution of ordinary 
differential equations with two-point boundary con- 
ditions and of partial differential equations; an intro- 
duction to Whittaker’s cardinal function has been 
added, and the treatment of programming for digital 
computers has been considerably shortened in view 
of other publications on the subject. 

On the Main Spray Generated by Planing Surfaces. 
FF-18. Daniel Savitsky and John P. Breslin. LA.S., 
New York. 1958. 43 pp. 

Pauly, Gun-Designer. W. Reid. Journal of the Arms 
and Armour Society. March 1958. Little is known 
of the designer of the famous fish-shaped balloon of 
the early nineteenth century and Mr. Reid has gone to 
a lot of trouble to find out as much as possible about 
this gun-maker. There are 54 references. 

Performance of Metal Cutting Tools, The. 
Butterworth, London. 1958. 
reviewed, 

Power Spectrum Measurements by Numerical Methods. 
J. T. Fleck. Cornell Aeronautical Laboratory, New 
York. 1957. 13 pp. 

Proceedings of the International Conference on Fatigue 
of Metals 1956. Institution of Mechanical Engineers, 
London. 1958. 951 pp. 90s. To be reviewed. 

Smithsonian Contributions to Astrophysics. Vol. 2, 
Nos. 6, 7, 8. Smithsonian Institute, Washington. 1958. 

Syllabus of the Two-year Course. College of Aeronautics, 


R. Tourret. 
183 pp. 50s. To be 


Cranfield. 1957. 41 pp. 
Tables of Physical and Chemical Constants. G. W. C. 
Kaye and T. H. Laby. Eleventh Edition. Longmans 


Green, London. 1957. 233 pp. 25s. A new edition 
of a “classic” of reference tables. 

Transport Properties in Gases. A. B. Cambel and 
John B. Fenn (Editors). Northwestern University Press, 
Illinois. 1958. 182 pp. 75s. 

Turbojet Fundamentals. H. E. Morgan. McGraw-Hill, 
London. 1958. 103 pp. 23s. 6d. Without putting it too 
strongly, this is a second edition of a book which should 
never have seen a first. Written by the Service Repre- 
sentative of Douglas Aircraft it was intended for 
“aircraft technicians, students and all others desiring an 
understanding of the principles involved”: the principles 
are badly, and often wrongly, expressed—to give just 
one example “mass is a function of weight and gravi- 
tational acceleration”: some of the sentences have no 
verb; the cartoons are childish, or worse. A dangerous 
and absurdly expensive book. 

Use of Adhesives in the Aircraft Industry. Preprint 34B. 
W. K. Bailey. S.A.E., New York. 1958. 5 pp. 

World Aviation Directory. Spring-Summer 1958. Vol. 
19, No. 1. Marion E. Grambow (Managing Editor). 
American Aviation Publications 1958. 920 pp. 10 
dollars. Readers who know this will need no further 
information than that it is “out.” Others may like to 
be told that this is probably the handiest and most 
comprehensive directory of world aviation information 
available. Both corporations and_ individuals are 
included and a detailed index of the material makes 
information easy to find. The fact that it is a bi-annual 
production means that the information is as up-to-date 
as six-monthly edition can make it. 

World Facts and Figures. Patrick Pringle. Harrap, 
London. 1958. 64 pp. 3s. Reference only. This is 
a collection of those odd items of information like 
“Longest Tunnels,” “Active Volcanoes,” “The Nine 
Muses,” “The Seven Virtues” that one sometimes wants 
to know but never knows where to find. A _ nice 
juxtaposition of classic and modern requirements is 
shown by the Greek followed by the Russian alphabets. 
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Reports 


AERODYNAMICS 
BouNDARY LAYER—See also TESTING AND INSTRUMENTS 


The smallest height of roughness capable of affecting 
boundary layer transition in low-speed flow. A.M. O. Smith 
and D. W. Clutter. Douglas Report E.S. 26803. August 1957. 
—(1.1.2.1). 


Measurements of the effect of surface cooling on boundary 
layer transition on a 15° cone. Part 1. Tests at M=2 and 3 
in an 8 in. x 9 in. wind tunnel at R.A.E./Bedford. A. C. 
Browning et al. C.P. 381. 1958.—(1.1.3.4 x 1.9.1). 


Addendum to a theoretical and experimental study of the 
boundary layer flow on a 45° swept back wing. J. Walton. 
CoA Report 109. November 1957. 


The wing, which had a chord of 7 ft. 2 in. was mounted as 
a dorsal fin on the mid upper fuselage of an Avro Lancaster, 
which enabled a Reynolds number range of 0°88 x 10®°— 
1:92x 10° per ft. to be achieved.—(1.1.2.1 x 1.10.2.2). 


Wall pressure fluctuations in a turbulent boundary layer. 
W. W. Willmarth. N.A.C.A. T.N. 4139. March 1958. 


A low-noise- and low-turbulence-level wind tunnel and a 
flush-mounted barium titanate transducer have been used 
to measure the wall pressure fluctuations in a turbulent 
boundary layer. A few typical spectra are given for different 
values of Reynolds number and Mach number.—(1.1.3.2). 


An analysis of the turbulent boundary layer characteristics on 
a flat plate with distributed light-gas injection. M. W. Rubesin 
and C. C. Pappas. N.A.C.A. T.N. 4149. February 1958. 


An exploratory analysis has been developed for the case of 
distributed injection of a foreign gas into a turbulent bound- 
ary layer in air in a flat plate. The work is divided into 
three parts: a derivation of the basic turbulent bound- 
ary layer equations for a binary gas system; a derivation of 
modified Reynolds analogies between momentum, mass. 
and heat transfer for a binary gas system; and an evaluation 
of the effect of foreign gas injection on the skin friction and 
heat transfer of a nearly isothermal boundary layer using 
mixing length theory. Numerical results are given for the 
CTY of the light gases, hydrogen, and helium.—(1.1.3.4 
x 1.9.1). 


Investigation of effects of distributed surface roughness on a 
turbulent boundary layer over a body of revolution at a Mach 
number of 2:01. J. R. Sevier and K. R. Czarnecki. N.A.C.A. 
T.N. 4183. Fezruary 1958. 


An investigation of three ogive-cylinders over a surface- 
roughness range from 23 to 480 microinches root mean 
square was made at zero angle of attack for a Reynolds 
number range based on body length from 4 x 10® to 30 x 10°. 
The drag and base pressure were measured for conditions 
of natural and fixed transition. The results are compared 
with those of tests of the same models at a Mach number 
of 1-61.—(1.1.2.4). 


Effectiveness of boundary layer control, obtained by blowing 
over a plain rear flap in combination with a forward slotted flap, 
in deflecting a slipstream downward for vertical take-off. K. P. 
Spreemann. N.A.C.A. T.N. 4200. February 1958. 


The wing had a 67 per cent chord slotted flap in combination 
with a 33 per cent chord plain rear flap equipped with a full- 
span blowing nozzle. The tests were conducted in a static- 
thrust facility —(1.1.6.1. x 1.3.4). 


Nouvelle méthode approchée de calcul des couches limites 
laminaire et turbulente en écoulement compressible. Cas d’un 
gradient de pression particularités—exemples. A. Walz. 
Pubs. Sc. et. Techs. No. 336. 1957. (In French).—(1.1). 


The pressure drag due to turbulent separation on bodies of | 
revolution with varying boundary layer thickness. E. G. M. 
Petersohn. F.F.A. Report 75. 1957. 


The effect of the boundary layer thickness on the flow 
separation over the rear portion of the bodies of revolution 
has been investigated by pressure measurements.—(1.1.4.}), 


Boundary layer displacement effects in air at Mach numbers 
of 68 and 9:°6. M. H. Bertram. N.A.C.A. T.N. 4133. February 
1958. 


Measurements are presented for boundary layer-induced 
pressure gradients on a flat plate in air at a Mach number 
of 9-6 and for the drag of thin wings at a Mach number 
of 68 and zero angle of attack. The investigation was 
conducted in the Langley 11 in. hypersonic tunnel, and the 
pressure measurements at a Mach number of 9:6 were made 
in the presence of substantial heat transfer from the 
boundary layer to the wall.—(1.1.1.4 x 1.2.3 « 1.10.2.2). 


COMPRESSIBLE FLOW—see also WINGS AND AEROFOILS 
BOUNDARY LAYER 


The thickness of cylindrical shocks and the P.L.K. method. 
H. C. Levey. A.R.L. Report A. 108. January 1958. 


Cylindrical shocks occur when a viscous heat-conducting 
gas flows radially in a plane. This is a singular perturbation 
problem in which the perturbing parameter is the reciprocal 
of the Reynolds number of the flow.—-(1.2.3.2). 


Meéthodes théoriques d’étude des écoulements supersoniques. 
P. Carriére. Pubs. Sc. et. Techs. No. 339. 1957. (In French.) 


\ 
The theory and practical methods of calculation by the 
method of characteristics for non-viscous supersonic flow 
are given. One-dimensional theory, shock wave theory and 
Busemann’s method for plane flows are reviewed. The 
methods are applied to plane, conical and 3-dimensional 
flows (in particular air intakes and exits). Tables and 
diagrams are given to assist in numerical calculations.— 


CONTROL SURFACES—see also BOUNDARY LAYER 


Measurements of two-dimensional derivatives on a_ wing 
aileron-tab system with a 1541 section aerofoil. Part Il- 
Direct tab and cross aileron-tab derivatives. K. C. Wight. 
R. and M. No. 3029. 1958. 


Measurements have teen made of the direct tab derivatives 
and cross aileron-tab derivatives for a 1541 section two 
dimensional aerofoil (N.P.L.282) with a 20 per cent tab. 
Some measurements of the direct aileron derivatives have 
been made for comparison with earlier results together 
with a number of static derivatives for the wing and controls. 
The influence is shown of frequency parameter, Reynolds 
number, position of transition, mean tab angle and sealing 
of the control hinge gaps. Some tests have been made with 
the aileron set at minus 8 deg. and the tab at plus 12 deg 
for which condition the hinge moment on the aileron Wa 
zero.—(1.3.1 x 2). 


Limites d'’applications de la théorie de la ligne portante a 
calcul d’ailes d’avions munies de spoilers. A. Fauquet. Pubs 
Sc. et. Techs. No. B.S.T.120. 1957. (In French.) 


It has been shown that, for a particular case, lifting lin¢ 
theory can be used to predict lift, drag, rolling and yawitt 

moment for wings with spoilers. The limits of applicatiot 

of this method are given as the aspect ratio of the wing ' 
reduced and as the spoiler approaches the leading edge ° 

the wing.—(1.3.4 x 1.10.2.2). 


Nore.—The figures in parenthesis at the end of each Summary are for office use only. 
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THE LIBRARY—REPORTS 


DYNAMICS—see also MATHEMATICS 


4 numerical method for calculating the starting and perturba- 
tion of a two-dimensional jet at low Reynolds number. R. B. 
Payne. R. and M. No. 3047. 1958.—(1.4). 


Impact on a compressible fluid. I. T. Egorov. N.A.C.A. T.M. 
1413. February 1958. 


Theoretical solution is made of vertical hydrodynamic 
impact of a flat rigid, body on the surface of a non-viscous 
compressible fluid. The solution is based on_ potential 
motion of the fluid. Rise of the fluid near the body is 
considered to be negligible. The equations permit calcula- 
tion of histories of impact force and motion.—(1.4.1 x 17). 


INTERNAL FLOW 


Turbulent flow through porous resistances slightly inclined to 
the flow direction. A. L. Loeffler and M. Perlmutter. N.A.C.A. 
T.N. 4221. February 1958. 


Analytical and experimental studies have been made of 
the channel flow of air through porous resistances inclined 
at an angle of 34° to the axis of the channel with the air 
discharging to the atmosphere. These determine the channel 
wall shape that would yield a uniform discharge through 
the porous resistance.—(1.5.1). 


Effect of wall cooling on inlet parameters of a scoop operating 
ina turbulent boundary layer on a flat or conical surface for 
Mach numbers 2 to 10. A. Beke. N.A.C.A. T.N. 4153. 
March 1958. 


Mass-flow, momentum, total-temperature, and total-pressure 
recovery ratios were calculated for a scoop inlet having a 
height equal to the boundary-layer thickness.-(1.5.1 x 1.9.1). 


Theoretical investigation of subsonic oscillatory blade-row 
aerodynamics. F. Lane and M. Friedman. N.A.C.A. T.N. 
4136. February 1958. 


A method is presented for calculating the aerodynamic lifts 
and moments experienced by a cascade or two-dimensional 
approximation to a compressor or turbine blade row in 
subsonic flow under harmonic oscillation. Arbitrary stagger 
and interblade phase-lag angles are permitted. The most 
significant features of the method stem from the utilisation 
: — transforms of blade pressure-jump functions.— 


Etude expérimentale de l'écoulement turbulent dans un diver- 
gent bidimensionnel parcouru par de lair. J-P. Milliat. 
Pubs. Sc. et. Techs. No. 335. 1957. (In French.) 


The turbulent flow in a divergent two-dimensional duct is 
studied, the divergence angles of the walls of the duct being 
2. 4 or 6°. Using a hot wire anemometer measurements 
are made of mean speeds and longitudinal fluctuations in 
these speeds. A study is made of the relationship between 
the divergence angle and regions where flow equilibrium 
exists.—(1.5.1). 


An analysis of the error involved in unrolling the flow field in 
turbine problems. V.J. Rossow. E.T.H. Mitt. Nr. 23. 


The equations describing the potential flow in turbines are 
developed and discussed for the case of a lifting line and 
a source line. These are then expanded in a Taylor’s series 
about the limiting case wherein the inner and outer boundary 
approach the same diameter. The expanded equations then 
describe the error involved in unrolling the flow field for 
all other cases. These results may be used in treating the 
general problem.—(1.5.3). 


Method for computing the velocity distribution in a curved 
duct. §. Hedman. K.T.H. Aero T.N. 36. 


A method for computing the distribution of velocity in a 
curved duct with varying cross-section is given. Elementary 
theory has been used, and the flowing medium has been 
assumed to be incompressible and without internal friction. 
The method has been applied to and experimentally verified 
On a special duct. A comparison between measured and 
Computed values shows essentially satisfactory agreement. 
It is possible to extend the method to apply to compressible 
flow—(1.5.1.1). 


Loaps—see also STABILITY AND CONTROL 


Gust alleviation factor. Parts I, II and Ill. J. K. Zbrozek. 

R. and M. No. 2970. 1958. 
Part I presents the theoretical calculations of gust alleviation 
factor made for rigid aircraft and with one degree of free- 
dom only (i.e. vertical motion). Part II allows for the 
compressibility effect and Part III considers gust loads on 
a wings and makes comparisons with gust-tunnel results. 
(1.6.3). 


Flight loads measurements on N.A.C.A. research airplanes. 

De E. Beeler. AGARD Report 109. April-May 1957. 
Some of the results of the programme of flight loads 
measurements on the X-1, X-5 and XF-92A research air- 
craft are summarised.—(1.6). 


STABILITY AND CONTROL—see also AEROELASTICITY 
FLIGHT TESTING 


Qualitative simulator study of longitudinal stick forces and dis- 
placements desirable during tracking. S. Faber. N.A.C.A.T.N. 
4202. February 1958. 


An aeroplane simulator with one degree of freedom (pitch) 
was used. Results were determined for three conditions of 
aeroplane dynamics, for an undamped natural frequency 
of 4 c.p.s. with a damping ratio of 0°8, for an undamped 
natural frequency of 4 c.p.s. with a damping ratio of 0°18 
and for an undamped natural frequency of 1 c.p.s.—(1.8.2). 


A method for the calculation of the lateral response of airplanes 

to random turbulence. J. M. Eggleston and W. H. Phillips. 

N.A.C.A. T.N. 4196. February 1958. 
The gust velocities are represented as rolling gusts, yawing 
gusts, and side gusts. Random distributions of gust veloci- 
ties across the span are taken into account in defining the 
rolling and yawing gusts. Complex stability derivatives 
are used to account for the random distribution of side gusts 
along the fuselage and vertical tail and the lag effects in 
gust penetration. A sample calculation procedure is pre- 
sented for obtaining the response of the aeroplane in each 
degree of freedom.—(1.8.1.1 x 1.6.3). 


THERMO-AERODYNAMICS~—see BOUNDARY LAYER 
INTERNAL FLOW 


WINGS AND AEROFOILS—see also BOUNDARY LAYER 
COMPRESSIBLE FLOW 
CONTROL SURFACES 
METEOROLOGY 
REFERENCE LITERATURE 


Tests in the Royal Aircraft Establishment 10 ft. x 7 ft. high- 
speed tunnel on 50-deg swept-back wings. Part I. Three of 
7:5 per cent thickness. Part II. One of 7:5 per cent thickness 
with stall fences and leading-edge chord extension. A. B. 
Haines and C. W. Rhodes. R. and M. 3043. 1957. 


Lift, drag, pitching moment and root bending moment were 
measured on all three wings over a range of Mach numbers 
from 0°50 to about 0-95 at a Reynolds number of about 
2x 108, and also for the two wings of smaller aspect ratio 
for three Reynolds numbers up to about 6 x 10° at a Mach 
number near 0:2. The flow patterns at low Mach number 
were investigated at R=2:-6x 10° and in one case, at R= 
6 x 10® also, by an oil-film technique. A description of the 
technique and of how the flow patterns were interpreted is 
included. Two of the wings were also tested with surface 
tufts at various Mach numbers up to M =0°94.—(1.10.2.2). 


Minimum drag at supersonic speeds for cylindrical ring wings 
of specified volume or base area at zero lift. R. M. Licher. 
Douglas Report S.M. 22995. November 1957.—(1.10.1.2 x 


A geometrical problem related to the optimum distribution of 
lift on a planar wing in supersonic flow. E. W. Graham. 
Douglas Report S.M. 23020. November 1957.—(1.10.1.2). 
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Approximation of optimum lift distribution from their spanwise 
moments. E. W. Graham. Douglas Report S.M. 23021. 
December 1957.—(1.10.1.2). 


Calculation of optimum lift distribution for the sonic-edge 
diamond planform wing from spanwise moments obtained from 
the corresponding artificial singularity distribution. B.J. Beane. 
Douglas Report S.M. 23017. December 1957.—(1.10.1.2). 


Compilation of information on the transonic attachment of 
flows at the leading edges of airfoils. W. F. Lindsey and E. J. 
Landrum. N.A.C.A. T.N. 4204. February 1958. 


Schlieren photographs have been compiled of the two- 
dimensional flow at transonic speeds past 37 aerofoils. These 
aerofoils have variously shaped profiles, and some are 
related in thickness and camber. The data were analysed 
to provide basic information on the flow changes involved 
and to determine factors affecting transonic-flow attachment. 
which is a transition from separated to unseparated flow 
at the leading edges of two-dimensional aerofoils at fixed 
angles as the subsonic Mach number is increased.—(1.10.2.1 


A wind tunnel investigation on the effects of surface roughness 
on the low speed stalling characteristics of a Vampire wing tip. 
T. N. Pound. A.R.L. Note A. 166. January 1958. 


The effects of discrete surface roughness on the low speed 
stalling characteristics of the outboard section of a full scale 
Vampire wing were briefly investigated at a Reynolds 
numter of 2°3x 10° in the 9 ft.x7 ft. wind tunnel.— 
(1.10.2.2). 


HELICOPTER AERODYNAMICS 


Flight investigation of effects of atmospheric turbulence and 
moderate maneuvers on bending and torsional moments en- 
countered by a helicopter rotor blade. L. H. Ludi. N.A.C.A. 
T.N. 4203. February 1958. 


Experimental studies of the effects of atmospheric turbu- 
lence and moderate manoeuvres on the steady and periodic 
rotor blade moments encountered by a single-rotor heli- 
copter show that atmospheric turbulence and control motions 
do not produce additional periodic blade moments. except 
when accompanied by centre of gravity accelerations, signifi- 
cant to fatigue calculations during the principal part of the 
flying time.—(1.11.1). 


TESTING AND INSTRUMENTS—see also AEROELASTICITY 
THERMODYNAMICS 


Some tests in a Slotted-wall tunnel with various slot-entry 
shapes. A. Chinneck and N. A. North. C.P. 377. 1958. 


Tests have been made in the N.P.L. 9 in. x 3 in. high-speed 
tunnel to investigate the effect of slot-entry shape on the 
over-acceleration of the flow that occurs at supersonic speeds 
when the slots are of uniform width.—(1.12.1.2). 


Some experiments with sonic throats downstream from the 
working-section of a slotted-wall high-speed tunnel. A Chin- 
neck and N. A. North. R. and M. 3053. 1957.—(1.12.1.2). 


An evaluation of four experimental methods for measuring 
mean properties of a supersonic turbulent boundary layer. G. J. 
Nothwang. N.A.C.A. Report 1320. 1957. 
Surveys were made through the flat plate turbulent bound- 
ary layer at a Mach number of 3 using a Pitot probe, an 


X-ray densitometer, and cold-wire and hot-wire probes.— 
(1.12 


Comparison of wind tunnel and free-flight test results. AGARD 
calibration model A. C.J. Schueler. A.S.T.1.A. A.D. 152042. 
March 1958. 
A comparison has been made of the wind tunnel and free- 
flight drag results for AGARD Model A over a Mach 
number range from 2:0 to 4:0.—(1.12.1.3 x 1.12.2). 


AEROELASTICITY 


See also STRUCTURES—THEORY AND ANALYSIS 
AERODYNAMICS—CONTROL SURFACES 


On flutter testing in high-speed wind tunnels. N.C. Lambourne. 
R. and M. 3054. 1958. 


The requirements for simulating in a wind tunnel flute 
conditions appropriate to high-speed flight are discussed, and 
an assessment is made of the desirable features of a wind 
tunnel suitable for flutter testing at transonic and super. 
sonic speeds.—(2 x 1.12.1). 


Summary of flutter experiences as a guide to the preliminary 
design of lifting surfaces on missiles. D. J. Martin. N.ACA, 
T.N. 4197. February 1958. 


Some experiences in flight testing of missiles and of wing 
flutter investigations that may be of interest in missile design 
are presented. Several types of flutter of concern in missile 
studies are briefly described. Crude criteria are presented 
for two of the most common types of flutter to permit a 
rapid estimate to be made of the probability of the occur 
rence of flutter—(2 x 25.4). 


Measured and predicted dynamic response characteristics of ¢ 
flexible airplane to elevator control over a frequency range 
including three structural modes. H. A. Cole and E. C. Holle- 
man. N.A.C.A. T.N. 4147. February 1958. 


The dynamic response of selected points on a flexible aero- 
plane to elevator motions is presented over the operating 
Mach number range at altitudes from 15,000 to 35,000 feet. 
Comparisons are made between measured responses over 
various frequency bands and predicted responses based on 
equations with three structural degrees of freedom— 


DESIGN AND CONSTRUCTION 
See MECHANICAL ENGINEERING 
AIRCRAFT OPERATION 
See also STRUCTURES—-THEORY AND ANALYSIS 


Accelerations in transport-airplane crashes. G. M. Preston and 
G. J. Pesman. N.A.C.A, T.N. 4158. February 1958. 


Full-scale aircraft crashes were made with low-wing pressur- 
ised and high- and low-wing unpressurised transport aero- 
planes to determine the crash loads that result from a variety 
of crash events. The effects of the crash circumstances and 
the aeroplane configuration on the magnitude of the crash 
loads are indicated.—(5.3). 


FLIGHT TESTING 


Aircraft handling qualities and pilot response characteristics. 
C. B. Westbrook and D. T. McRuer. AGARD Report 125. 
May 1957. 


The evolution of handling qualities requirements in the 
United States Air Force is traced. The research programme 
of the U.S.A.F. to determine the dynamic characteristics 
of the human pilot is reviewed. Some of the recent results 
of correlation work to these two approaches to handling 
qualities, the subjective or pilot opinion method and the 
direct or servo technique, are given.—(13). 


High-speed stability and control problems as they affect flight 
testing. M. J. Abzug. AGARD Report 120. May 1957. 


High-speed stability and control flight testing are discussed 
from the standpoints of the maximum envelopes of attall- 
able Mach number and altitude, and load factor and Mach 
number. Testing techniques are described which have been 
used for some special high-speed stability and control 
problems, and flight testing of irreversible flight-control 
systems and automatic systems is dealt with. Reliance 0 
analytical methods is essential to the success of such @ 
flight testing programme.—(13.2 x 1.8). 


FUELS AND LUBRICANTS 


See FATIGUE 
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HYDRODYNAMICS 
See AERODYNAMICS—FLUID DYNAMICS 


INSTRUMENTS AND EQUIPMENT 
A variable delay line. D.C. Brown. CoA Note 81. January 
1958. 
A variable delay line has been designed and built which 
can be used as an accurate means of measuring time intervals 
between 10 and 200 seconds. The use of such a device for 
the determination of the temperature coefficient of Young’s 
Modulus is described.—(18.1). 


Evaluation of the resetting continuous fire-detection system for 
the B-36 aircraft nacelle, L. E. Tarbell. C.A.A. TDR No. 295. 
November 1956.—(18). 


An analogue computer for convective heating problems. 

H.G.R. Robinson. C.P.374. 1957. 
The computer was designed to assist in the solutions of 
kinetic heating problems which occur in guided weapon 
design. Its flexibility allows it to be used for a number of 
problems involving one-dimensional convective heating in 
a wall of finite thickness, providing the basic data such as 
the source temperature of the convective medium and the 
heat transfer coefficient in the region of interest are known. 
Completely arbitrary time varying functions of source 
temperatures and heat transfer coefficient are acceptable. 
The design and construction of the computer are described. 
—(18). 


MATERIALS 


The useful heat capacity of several materials for ballistic nose- 

cone construction, J. R. Stalder. N.A.C.A, T.N. 4141. 

November 1957. 
An analysis has been made of the heat-absorption charac- 
teristics of copper, Inconel-X, graphite, and beryllium. It 
was found that significant weight saving could be achieved 
in a ballistic missile heat sink by the use of graphite or 
beryllium in place of copper. Inconel-X was found to be 
unsatisfactory because of its low thermal conductivity. It 
is indicated that large errors in computed temperature dis- 
tributions in materials can arise if the variation of thermal 
properties with temperature is not taken into account.— 


A phenomenological relation between stress, strain rate, and 

temperature for metals at elevated temperatures. E. Z. Stowell. 

N.A.C.A. T.N. 4000. May 1957. 
A phenomenological relation between stress. strain rate, and 
temperature is suggested to account for the behaviour of 
polycrystalline metals above the equicohesive temperature. 
The properties of the metal included in the relation are 
elasticity, linear thermal expansion, and viscosity. The 
relation may be integrated under various conditions to pro- 
vide information on creep rates. creep rupture, stress-strain 
curves, and rapid-heating curves. It is shown that for one 
material—7075-T6 aluminium-alloy sheet—the information 
yielded by the relation for these four applications agrees 
reasonably well with test data—(21.2). 


Creep of aluminum-copper alloys during age hardening. E. E. 

Underwood et al. N.A.C.A. T.N. 4036. February 1958. 
The inter-relation of ageing during creep and of creep during 
ageing has been studied in achacrvetalbes aluminium alloys 
containing | to 4 per cent copper. Experimental procedures 
included interrupted creep tests, tensile tests of crept speci- 
Mens, quantitative metallographic determination of the per 
cent precipitation during creep, hardness measurements on 
unstressed and stressed aged alloys, X-ray studies of 
deformation in the crystalline lattice, and microscopic 
examination of the surface-deformation markings.—(21.2.2). 


Corrosion resistance of nickel alloys molten sodium 

oo. H. B. Probst et al. N.A.C.A, T.N. 4157. January 
Corrosion resistance of 11 materials at 1,500° and 1,700°F 
was compared with pure nickel. The materials were non- 
commercial solid-solution alloys and two-phase materials. 
The latter were strengthened either by precipitation or 
mechanical dispersion of small particles, Intergranular 
attack in these materials was considerably less than that 
Teported for commercial nickel-base alloys.—(21.2.2). 


The effect of preloading on the yield point in iron. M. M. 

Hutchison and N. Louat. ARL/Report Met. 27. November 

1957. 
Measurements of the increase in yield stress in iron caused 
by preloading below the yield point have been carried out 
with a view to distinguishing between current theories of the 
yield point in Cottrell-locked systems. The results obtained 
tend to favour a theory based on a model in which prior to 
yielding the dislocations move significantly carrying their 
atmospheres with them.—(21.2.1). 


Titanium production developments including metallurgy and 
alloying. R.1. Jaffee. AGARD Report 94. April 1957. 


The past, present, and future of the titanium industry is 
discussed. The nature and extent of present titanium ore 
reserves are described as are the present extractive metal- 
lurgical processes being used for primary metal production. 
Descriptions are given of the various methods in use for 
the melting, casting, and fabrication of titanium and its 
alloys. Techniques of descaling. finishing, joining, and 
machining are also reviewed. The physical, chemical, and 
mechanical properties of current commercial alloys are 
summarised. The principles applying to the physical 
metallurgy of titanium and its alloys are also described.— 
(21.2.2). 


Structural plastics for airframe construction, N. J. L. Megson. 
AGARD Report 162. November 1957. 


A general account of the development and methods of 
fabrication of reinforced plastics which can be moulded at 
low pressures is given. Various applications are discussed, 
including wings, radomes. fuselages and drop tanks, and the 
use of plastics in the Fokker “ Friendship.” Future trends 
are outlined.—(21.3.3). 


Constitution des colles et propriété des joints collés. L. Doussin. 
O.N.E.R.A.N.T. 43. 1958. (In French.) 
Several types of resin have good adhesive properties with 
metals. The shear of double lap joints is only satisfactory 
if the plasticity of the resin exceeds a certain value. This 
critical value can be evaluated from torsion tests on joints. 
Phenolic resins are studied.—(21.3.3 x 33.2.4.13). 


MATHEMATICS 


Note on the convergence of numerical solutions of the Navier- 
Stokes equations. A. Thom and C. J. Apelt. R. and M. 3061. 
1958. 
A criterion is given for the convergence of numerical solu- 
tions of the Navier-Stokes equations in two dimensions 
under steady conditions. The criterion applies to all cases 
of steady viscous flow in two dimensions and shows that if 
the local “ mesh Reynolds number.” based on the size of 
the mesh used in the solution, exceeds a certain fixed value, 
the numerical solution will not converge.—(22.1 x 1.4). 


Investigation of aperiodic time processes with autocorrelation 
and Fourier analysis. M. L. Exner. N.A.C.A. T.M. 1404. 
March 1958. 


Auto-correlation and frequency analyses of a series of 
aperiodic time events. in particular, filtered noises and 
sibilant sounds, were made. The position and band width 
of the frequency ranges are best obtained from the frequency 
analysis, but the energies contained in the several bands 


are most easily obtained from the auto-correlation function. 
—(22) 


Discrete potential theory for two-dimensional Laplace and 
Poisson difference equations. C. Saltzer. N.A.C.A, T.N. 4086. 
January 1958. 


A method is given for solving problems associated with 
Laplace and Poisson equations which, in general, requires 
considerably fewer equations than the usual methods and 
which gives a convergent solution by the method of suc- 
cessive approximations.—(22.1). 
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Application de la transformation de Laplace et de la trans- 
formation de Hankel a la détermination de solutions de 
Véquation de la chaleur et des équations de Maxwell en 
coordonnées cylindriques. H. Delavault. Pubs. Sc. et Tech. 
No. N.T.71. 1957. (In French.) 


The first section states the principal properties of the Lap- 
lace and Hankel transformations and gives a more detailed 
study of several points which are used in the analysis; 
the idea of a double transformation is introduced. By 
simultaneously using two transformations “limiting” prob- 
lems having 3 or 4 variables can be solved. In the second 
part sample solutions are given; heat transfer between two 
parallel planes, and the propagation of electro-magnetic 
waves in a circular cylinder with very general conditions 
at the surface of separation.—(22.1 x 34.3 x 32.2.1). 


MECHANICAL ENGINEERING 
See also FATIGUE 


Friction studies of various materials in liquid nitrogen. D. W. 

Wisander et al. N.A.C.A. T.N. 4211. February 1958. 
Friction data were obtained under conditions applicable to 
positive-displacement pumps (2,300 ft./min. sliding velocity 
and 1,000 gram load) with a 7% in. radius hemisphere sliding 
on the flat surface of a rotating disc.—(23.1). 


Essais d’endurance de servo-commendes irreversibles. L. Van- 
denberghe. AGARD Report 128. May 1957. (In French.) 


The numerous tests imposed on an irreversible servo- 
control (with mechanical input) from manufacture up to 
series installation, are described. These include bench tests 
of performance, stability, pre-endurance and endurance, with 
frequent inspections and periodical check of the dimensions. 
Flight tests must confirm the proper functions of the jack 
in all flight conditions and at the limits of its performance. 
Finally, there are endurance tests in flight, during which 
the jack is taken out of the aircraft and inspected period- 
ically —(23.3 x 4.2.3). 


METEOROLOGY 


Experimental droplet impingement on four bodies of revolution. 

J. P. Lewis and R. S. Ruggeri. N.A.C.A. T.N. 4092. December 

1957. 
The rate and area of cloud droplet impingement on four 
bodies of revolution were obtained experimentally in the 
N.A.C.A. Lewis icing tunnel. Spheres, ellipsoidal fore- 
bodies and a conical forebody were studied at angles of 
attack of 0° to 6°, rotational speeds up to 1,200 r.p.m.. 
and an air speed of 157 knots. The results are presented 
in the form of dimensionless impingement parameters in 
order to cover a wide range of flight and atmospheric 
conditions.—(24 x 29.3). 


Atmospheric temperature observations to 100,000 ft. for several 
climatological regions of the northern hemisphere. H. B. 
Tolefson. N.A.C.A. T.N. 4169. November 1957. 
Radiosonde measurements of upper-air temperatures taken 
over a 5-year period at nine stations in the northern hemi- 
sphere are summarised in tabular form in order to provide 
information on the temperatures likely to be encountered 
= aeroplane and missile operations up to 100,000 ft. 
4). 


- 


Aerodynamic effects caused by icing of an unswept N.A.C.A. 
65A004 airfoil. V. H. Gray and U. H. von Glahn. N.A.C.A. 
T.N. 4155. February 1958.—(24 x 1.10.2.1). 


Correlation among ice measurements, impingement rates, icing 
conditions, and drag coefficients for unswept N.A.C.A. 65A004 
airfoil. V. H. Gray. N.A.C.A.T.N. 4151. February 1958. 
An empirical relation is derived by which changes in section 
drag coefficients due to ice on an N.A.C.A. 65A004 aero- 
foil are calculable from known icing and operating con- 
ditions. The correlation is obtained by use of measured ice 
heights and ice angles.—(24 = 1.10.2.1). 


MISSILES 


See also AEROELASTICITY 


An analysis of the optimization of a beam rider missile system, 
M. Shinbrot and G. C. Carpenter. N.A.C.A. T.N. 4145, 
March 1958. 


A transfer function is derived for a beam rider missile 
guidance system which is optimum when the target moves in 
a non-stationary way. The effects of acceleration limiting 
are considered and a discussion of the miss as a function 
of the various parameters which determine it is included, 4 
form of design chart is presented which allows the immediate 
determination of the optimum under any set of target. 
missile conditions.—(25.1). 


Second guided missiles seminar: Guidance and _ control, 
AGARDograph 21. Venice, Italy. September 1956.—(25.1). 


POWER PLANTS 


Water injection in the normally-aspirated piston engine. E. M, 
Goodger. CoA. Note No. 78. March 1957.—(27.2). 


The effect of inlet circumferential maldistribution on an axial 
compressor stage. R.C. Turner et al. R. and M. No. 3066. 
1958. 


Tests on a single compressor stage with circumferentially 
non-uniform inlet conditions are described. The stage was 
a model of the first stage of a typical modern aircraft- 
engine compressor, and the tests were planned as part of 
an investigation into the surge behaviour of compressors 
with inlet flow maldistribution.—(27.1). 


Experimental investigation of turbo-jet-engine multiple-loop 
controls for nonafterburning and afterburning modes of engine 
operation. D. B, Kirsch et al. N.A.C.A. T.N. 4159. January 
1958.—(27.1.1) 


Temperature-pressure-time relations in a closed cryogenic con- 
tainer. Huntley. N.A.C.A. T.N. 4259. February 1938. 


An experimental study with liquid nitrogen in a closed 
container showed that surface temperature controlled the 
tank pressure, and verified the existence of temperature 
gradients that accounted for the increase in pressure above 
that calculated from the average liquid temperature. Stirring 
the liquid to equalise liquid temperatures caused a pressure 
reduction to the calculated value. Mixing the vapour in- 
creased the direct heat flow to the stable liquid layer at the 
surface, which resulted in an increase in pressure. —{27). 


Two-dimensional diffusion theory analysis of reactivity effects 
of a fuel-plate-removal experiment. E. R. Gotsky et al. 
N.A.C.A. T.N. 4164. January 1958. 


Effects of fuel plates successively withdrawn from the centre 
fuel element of a seven- by three-core loading were evaluated 
by two-dimensional two-group diffusion calculations per- 
formed on the N.A.C.A. reactor simulator. Two calculation 
methods were used: (a) the slowing-down properties of 
the experimental fuel element were represented by infinite 
media parameters; and (b) the finite size of the experimental 
fuel element was recognised, and the slowing-down proper- 
ties of the surrounding core were attributed to this small 
region. Reasonable agreement existed between experimental 
and calculated effects.—(27.6). 


PROPELLERS 


See METEOROLOGY 


REFERENCE LITERATURE 


Report of the definitions panel on definitions to be used in the 
description and analysis on drag. C.P.369. 1958. 


Terms used in the description and analysis of the external 
drag of a body (with or without internal flow) are considered, 
and definitions suggested for the various components of the 
drag. Care has been taken to ensure that the propose 
terms are consistent with those used in the Panel's report 
on thrust.—(30.3 x 1.10). 
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FATIGUE 


Experimental correlation between the endurance of a wing spar 
joint and the ratio between 0-1 per cent proof and ultimate 
tensile strengths of the material. W. A. P. Fisher. C.P.371. 
1958. 
Axial fatigue tests were made on a series of specimens 
representing the Viking outer wing spar joint. Significant 
correlation was found between low proof/U.T.S. ratios of 
the material and high endurance of the joint. Tests on Dove 
boom research specimens indicate that this correlation is 
not peculiar to the Viking joint and the results are in 
agreement with previous theoretical and experimental 
work.—(31.2.3.2.3). 


Effect of fiber orientation in races and balls under rolling- 

contact fatigue conditions. T. L. Carter. N.A.C.A. T.N. 4216. 

February 1958. 
The rolling-contact fatigue spin rig was used to study the 
the interrelations of fibre orientation and fatigue. In both 
balls and races, concentration of fatigue failures was 
observed in regions with the highest angle of intersection of 
fibre flow lines with the surface. Also, in races, poorer 
fatigue life was observed with increasing fibre orientation 
angle. Each of the ten ball materials studied showed a 
greater than normal tendency to fail in the polar or end 
grain areas.—(31.2.3.1.8 x 23.1). 


Effect of temperature on rolling-contact fatigue life with liquid 

and dry powder lubricants. T. L. Carter. N.A.C.A. T.N. 4163. 

January 1958. 
The fatigue life of AISI M-1 tool steel was determined at 
temperatures of 100°, 250°, and 450°F with di(2-ethylhexyl) 
sebacate lubricant and at 450°F with dry powder lubricants. 
With the sebacate, lubricant life decreased with increasing 
temperature. At 100°F a suspension of molybdenum 
disulphide in polyalkylene gylcol produced a definite limit 
on fatigue life because of stress-corrosion penetration to the 
subsurface zone of high shear stress.—(31.2.3.1.8 x 14). 


Effect of lubricant base stock on rolling-contact fatigue life. 
T. L. Carter. N.A.C.A. T.N. 4161. February 1958. 
Five different base-stock fluids were tested as lubricants in 
the rolling-contact fatigue spin rig using groups of air-melt 
M-1 tool-steel balls at 100°F. Other test conditions were 
held constant. Differences were observed in the ball fatigue 
lives produced with these lubricants.—(31.2.3.1.8 x 14). 


Fatigue behavior of aircraft structural beams. W. S. Hyler et 

al. N.A.C.A. T.N. 4137. January 1958. 
This investigation involved a study of the correlation of 
composite structural fatigue behaviour, basic material, and 
simple-element behaviour, Fatigue and related static tests 
were made on aluminium-alloy box beams and I-beams and 
also on elements simulating key failure locations in the two 
beams.—(31.2.3.3.1). 


SCIENCE—GENERAL 


See also MATHEMATICS 


Contribution a l'étude de Uinterférométre différentiel a biprisme 

de Wollaston. G, Gontier. Pubs. Sc. et Techs, 1957. No. 338. 

(In French.) 
The operation of an interferometric device using polarised 
light, comprising a spherical mirror and a Wollaston’s 
biprism through which the light passes twice, is studied. 
The apparatus is at the same time compensating and self- 
compensating in the sense that the operating separation is 
initially adjustable and gives the variation in optical density 
of the flow field under consideration, independently of the 
deviations undergone by tre light ray. The operating separa- 
tion is evaluated as far as second order terms and in the 
general case where the centre of curvature of the mirror 
1s outside the biprism. Five methods of interpreting inter- 
ferogram negatives are given and verified by measuring the 
thickness of a homogeneous glass lamina with the inter- 
ferometer which has been constructed for the transonic 
wind tunnel at Lille.—(32.2.4). 


Etude critique de certains prolongements de la mécanique 


oe Thermodynamique et viscosité. H. du Boscq de 
eaumont. Pubs. Sc. et Techs. No. N.T. 72. 1957.—(32). 


STRUCTURES 
Loaps 


A review of landing gear and ground loads problems. J. F. 
McBrearty. AGARD Report 118. April-May 1957. 


A brief assessment of the aircraft weight attributable to the 
landing gear and ground loads in general is presented. 
Skidding oscillations, brake chatter, shimmy, taxying loads, 
and fatigue are singled out for more detailed consideration. 
Discussion of the methods employed to provide practical 
solutions to these problems is presented.—(33.1). 


THEORY AND ANALYSIS—see also MATERIALS 


An experimental investigation of the effect of engine loads on 
wing structures, J, L. Reddaway. R. and M. No. 3062. 1957. 


Three model wings have been tested under conditions re- 
producing typical engine loads. Stress distributions have 
been found experimentally by means of strain-gauges. The 
distribution due to an abrupt change of torsion has been 
compared with a theory by Williams, and that due to an 
abrupt change of shear with a theory by Taylor. Local 
stresses at the engine nacelle are found to be appreciably 
higher than predicted by these theories.—(33.2.3.1). 


The lateral instability in the elastic range of beams with mixed 
end condition. J. Solvey. A.R.L. Report S.M. 256. January 1958. 


Results obtained in reports SM.216 and 231 are extended 
to those cases where the end restraints on either side of 
a beam are not identical. This work was undertaken im 
order to cover all possible cases of the problem. The table 
and the diagrams include the results of the previous reports, 
thus presenting a full picture —(33.2.4.1.6). 


Transient heating effects on the bending strength of integral 
aluminum-alloy box beams. R. A. Pride and J. B. Hall. 
N.A.C.A. T.N. 4205. March 1958. 


25 square-tube beams were tested to failure under combina- 
tions of bending load and symmetrical heating. The results 
of tests for skin buckling and maximum strength are com- 
pared with theoretical calculations. Results for local 
buckling are calculated from theories combining the effects 
of appropriate material properties and thermal stress in both 
elastic and plastic stress ranges.—(33.2.4.1.2). 


Charts relating the compressive and shear buckling stresses of 
longitudinally supported plates to the effective deflectional stiff- 
ness of the supports. A. E, Johnson. N.A.C.A. T.N. 4188. 
February 1958. 


A stability analysis is made of long flat rectangular plates 
subjected to both shear and compressive loads. The edges 
of the plates are taken to be simply supported and 
the plates are supported along one or two intermediate 
longitudinal lines by lines of deflectional springs (elastic 
line supports). The results are presented in the form of 
charts that are useful in the determination of the buckling 
load of plates stiffened by stringers or webs.—(33.2.4.6). 


Discontinuity stresses at the junction of a pressurised spherical 
shell and a cylinder, D. §. Houghton and A. S. L. Chan, CoA 
Note 80. January 1958. 


An analysis has been made of the forces and moments 
occurring at the junction of a pressurised spherical shell 
with an intersecting cylinder. The additional effects of 
having a temperature gradient along the length of the 
cylinder and the effect of a jointing ring have been con- 
sidered.—(33,2.4.13.7). 


Notes on the problem of the optimum design of structures. 
W.S. Hemp. CoA Note 73. January 1958. 


The urgent need for a systematic approach to the problems 
of the optimum design of structures is stressed and ideal 
formulations of these problems are considered. Differential 
equations and a variational principle are derived for the 
case of plates loaded in their own planes; these can form 
the basis for approximate solutions, in the form of optimum 
distributions of plate thickness and the corresponding stress 
distributions which are required to equilibrate given systems 
of external loads.—({33.2.4.0). 
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The design of a multi-cell box in pure bending for minimum 
weight. D. S. Houghton and A. S. L. Chan. CoA Note 74. 
November 1957. 


The optimum skin thickness, web thickness and web pitch to 
be used for a multi-cell box of given depth under a given 
bending load are obtained by two different methods, result- 
ing in a graph where the optimum geometry is plotted 
against the structural index for a _ given material.— 
(33.2.4.1.2). 


Torsional stiffness of thin-walled shells having reinforcing cores 
and rectangular, triangular, or diamond cross section. H. G. 
McComb. N.A.C.A, Report 1316. 1957. 


A theoretical investigation is presented of the torsional 
stiffness of thin-walled aerodynamic surfaces filled with 
cores which stabilise the skins. Rectangular, slender tri- 
angular, and slender diamond cross sections are considered. 
Results for the torsional stiffness constants are shown 
graphically. —(33.2.4.11.5). 


Investigation of the compressive strength and creep lifetime of 
2024-73 aluminum-alloy plates at elevated temperatures. E. E. 
Mathauser and W. D. Deveikis. N.A.C.A. Report 1308. 1957. 


The strength-test results indicate that a relation previously 
developed for predicting plate compressive strength at room 
temperature is satisfactory for determining elevated- 
temperature strength. Creep-lifetime results are presented 
for the plates in the form of master creep-lifetime curves 
by using a time-temperature parameter that is convenient for 
summarising tensile creep-rupture data. The use of iso- 
chronous stress-strain curve obtained from _ plate-creep 
curves for predicting plate-creep failure stresses is investi- 
gated.—(33.2.4.5.9). 


On panel flutter and divergence of infinitely long unstiffened and 
ring-stiffened thin-walled circular cylinders. R. W. Leonard 
and J. M. Hedgepeth. N.A.C.A. Report 1302. 


A preliminary theoretical investigation of the panel flutter 
and divergence of infinitely long, unstiffened and ring- 
stiffened thin-walled circular cylinders is described. Analy- 
tical criteria for the location of stability boundaries are pre- 
sented along with a limited number of computed results.— 
(33.2.4.3.10 x 2). 


Creep deformation patterns of joints under bearing and tensile 
loads. E. G. Bodine et al. N.A.C.A. T.N. 4138. December 
1957. 


The interaction of hearing and tensile loads on the creep 
behaviour of joints was studied. A specimen was designed 
for this study which possessed some of the general features 
of pin and rivet joint connections and an apparatus was 
constructed to apply both bearing and tensile loads to the 
joint model. Deformation measurements were made by 
use of a photogrid printed on the joint model —(33.2.4.13. 1). 


Near field jet noise. M. O. W. Wolfe. AGARD Report 112. 
April-May 1957. 


Near field noise measurements are described for a range of 
jet shear velocities on two representative turbo-jet engines, 
one of them operating with an afterburner. Contours of 
equal noise pressure in the horizontal plane containing the 
axis of the jet are presented for a range of shear velocity, 
for overall noise pressure and for frequency bands in the 
noise spectra.—(33.2 x 5.6). 


WEIGHT ANALYSIS AND CONTROL 


Initial aircraft weight prediction, D. Howe. CoA Note 7}, 
December 1957. 


Methods for weight prediction of aircraft structures, includ- 
ing equipment and systems are presented. Various stages 
in the design process are considered, commencing with 
simple formulae suitable for use in the operations systems 
stage, passing through the more detailed project stage and 
finally recommending methods suitable for weight prediction 
as the design becomes established.—(33.4). 


THERMODYNAMICS 


See also MATHEMATICS 


Physical characteristics and test conditions of an ethylene-heated 
high-temperature jet. R. D. English et al. N.A.C.A. T.N. 4182, 
January 1958. 


A ground test facility has been developed at the Langley 
Pilotless Aircraft Research Station at Wallops Island, Va., 
that is capable of producing temperatures up to nearly 
5,000°R. Conditions in the test section obtained from the 
calibration runs and from the calculated thermal properties 
of the exhaust gas are presented over the range of stagnation 
temperatures available.—(34.1 x 1.12.1.3). 


Stability of propane-air flames in vortex flow, A. E. Potter et al, 
N.A.C.A. T.N. 4210, February 1958. 


Tests are described with a vortex burner, in which the 
vortex strength could be varied at constant flow rate, used 
for a study of the stability limits of propane-air vortex 
flames.—‘ 34.1). 


Experimental thermal conductivities of the N,O,=—2N0, 


system. K. P. Coffin and C, O'Neal. N.A.C.A. T.N. 4209. 
February 1958. 


Thermal conductivity was measured by a hot-wire technique 
at temperatures between 20° and 215°C and pressures from 
+ to 1 atmosphere; approximate values were obtained at 
pressures as low as 0:02 atmosphere from 20° to 80°C. 
Experimental values are in good agreement with values 
calculated so as to include the effects of dissociation; 
dissociation produces an order of magnitude increase in 
conductivity.—{34.3.3). 


Two-dimensional forced convection from cylinders at low 
Reynolds numbers. D. C. Collis and M. J. Williams. ARL 
Report A. 105. November 1957. 
Measurements of heat transfer from cylinders placed normal 
to an air stream have been made in the Reynolds number 
range 0-01 to 140.—({34.3.2). 


Influence de la température et de la pression sur les délais 
d'allumage d’hypergols. H. Moutet et al. O.N.E.R.A, NT 45. 
1958. (In French.) 


The measurement of ignition delays with hypergols in con- 
ditions similar to those in rocket motor combustion 
chambers at high altitude are described. The effects of 
temperature and pressure are observed and the develop- 
ment of the chemical reactions is studied.—(34.1.1). 


cud 
ae 
| 
‘ 
| 
| 
| 
= 


\ 
\ 
| 
2 
: 
e 
m 
at 
es 
n; 
in 
Cor 
nal 
ber 
ais 
4s 
tion 
| 
4 
| 
| 


